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DIRECTOR  NOTES 


On  pruvioiis  occasions  I have  dlscussod  information  centers  and  sone  of  the  factors 
that  contribute  to  the  effectiveness  of  their  operation.  This  month  I would  like  to 
point  out  that  an  information  center  manager  must  always  keep  in  mind  the  char 
acter  and  composition  of  his  user  population.  Like  most  centers,  SVIC  operates 
on  a homogerieous  level,  that  is,  the  users  are  themselves  generators  of  technical 
information  Furthermore,  there  is  a significant  differentiation  among  groups 
within  the  user  community.  To  be  most  useful  the  collection  of  technical  informa- 
tion must  be  analysed  and  disseminated  in  a way  that  is  understandable  by  and 
applicable  to  the  needs  of  each  of  these  groups. 

SVIC  users  cover  a wide  range  - from  "pure"  research  scientists  to  applied  analysts, 
design  and  test  engineers.  Those  in  the  forefront  of  basic  research  usually  need  less 
assistance  than  the  experimentalists  or  design  engineers.  This  latter  group  includes 
all  the  project  types  who  must  move  rapidly  from  one  problem  to  another  with- 
out the  luxury  of  being  able  to  develop  their  own  background  information  for  the 
problem  at  hand.  Neither  do  they  have  the  time  to  understand  fully  how  a given 
method  or  technique  was  developed,  yet  they  must  be  sure  that  their  approach  to 
the  problem  uses  the  best  technique  available  at  that  time.  This  is  not  to  imply  that 
these  are  not  innovative  people,  for  this  type  of  problem  solving  involves  creativity 
at  Its  best.  It  is  to  this  group,  however,  that  an  information  center  should  be  of 
greatest  service. 

There  is  a noticeable  lack  of  comprehensive  "applirations"  information  in  a form 
that  is  easily  collectable.  If  one  examines  this  DIGEST,  for  example,  he  will  note 
that  most  review  articles  are  from  academic  sources.  The  reason  for  this  is  the  same 
"time  factor"  mentioned  in  the  previous  paragraph.  We  must  encourage  design  and 
test  engineers  to  document  the  new  methods  developed  to  solve  their  special 
problems  and  to  participate  in  the  review  process  that  will  significantly  help  their 
colleagues 

H.C.P. 


EDITORS  RAHLE  SPACE 


AMKRICA’S  VOLUNTARY  STANDARDS  SYSTKM 


America's  voluntary  standards  system  could  be  in  for  drastic  changes  in  the  near 
future.  The  American  National  Standards  Institute  (ANSI),  a nonprofit  corporation 
founded  in  1918,  believes  that  the  proposed  federal  "Voluntary  Standards  and 
Accreditation  Act  of  1977"  (S  825)  would  decimate  the  ranks  of  voluntary  partici- 
(lants  who  develop  national  standards.  My  continuing  interest  in  national  and  inter- 
national standards  prompts  me  to  review  this  important  issue. 

The  enactment  of  S.825  would  change  the  process  of  standards  development,  and  it 
is  not  yet  clear  to  me  whether  federal  coordination  and  promulgation  will  enhance 
or  detract  from  current  standards  activity.  In  my  opinion,  the  most  important 
question  is  whether  or  not  currently  active  volunteers  will  be  interested  in  working 
for  a government  regulated  standards  activity.  The  strength  of  the  existing  U.S. 
standards  system  lies  in  the  thousands  of  technical  people  who  have  willingly  given 
their  time  free-of-charge  for  standards  work.  This  important  work  has  thus  been 
carried  out  without  cost  by  eminently  qualified  technical  people. 

The  U.S.  Congress  was  motivated  to  introduce  legislation  that  would  place  U.S. 
standards  activity  under  federal  control  as  a result  of  several  instances  in  which  the 
current  system  was  misused.  However,  in  view  of  the  fact  that  25,000  standards 
have  been  developed  through  ANSI,  which  has  minimal  resources  for  management 
and  control,  the  overall  record  is  a good  one.  In  my  opinion,  the  number  of  cases  of 
abuse  will  not  decrease  because  the  federal  government  decrees  the  formation  of 
still  another  bureaucracy. 

The  voluntary  standards  system  does  not  need  regulation  and  control,  rather  it 
needs  resources  to  carry  out  the  peripheral  work  that  a volunteer -based  system 
lannot  provide.  Volunteer  standards  activity  has  often  progressed  slowly  because 
funds  are  not  available  for  editing,  typing,  and  translating.  Lack  of  travel  funds  is 
also  a problem  Funds  for  peripheral  work  would  make  the  volunteer  system  more 
efficient  and  increase  the  number  of  standards  developed. 

If  the  proposed  federally-controlled  system  can  be  conducted  with  minimum 
regulation  - that  is,  if  the  system  can  continue  to  operate  through  technical  organi- 
zations in  the  provate  sector  with  funds  provided  for  publication  and  travel  - I 
believe  S.825  will  work.  If  the  federal  program  is  replete  with  red  tape,  it  will  not 
work,  and  the  voluntary  standards  work  force  will  be  no  more.  If  this  happens, 
the  U.S.  standards  program  will  be  less  effective  than  it  is  today.  The  key  to  a 
good  standards  program  is  to  keep  the  voluntary  technical  effort  going! 


R.L.E. 


TURMOMACIIINKRY  VIRRATION 


J.K.  Traexler* 


Abstract  ■ This  article  is  concerned  with  turboma- 
chinery  vibrations,  particularly  those  that  occur  in 
large  steam  turbines  at  centra!  station  power  plants. 
Rotor  dynamics  and  blading  are  reviewed. 

Interest  in  the  vibration  of  steam  turbines  has  been 
due  primarily  to  the  fact  that  80%  to  90%  of  the 
problems  involve  vibration  The  continuing  effort  to 
develop  more  power  per  pound  of  metal  and  the 
extremely  high  cost  associated  with  forced  outages 
point  up  the  importance  of  preventing  vibrations 
The  marked  increase  in  power  level  (see  Fig.  1)  has 
not,  for  the  most  part,  been  accompanied  by  a 
corresponding  increase  in  tlie  si/e  of  steam  turbines 
because  of  the  increase  In  power  developed  per 
pound  of  metal  However,  as  designs  have  approached 
the  physical  limits  of  materials,  vibration  problems 
have  increased.  The  cost  of  a one-day  outage  at  a 
large  plant  can  be  as  high  as  half  a million  dollars 
(see  Fig  2)  clearly  a strong  incentive  for  eliminating 
vibration  problems  The  first  section  of  this  review 
deals  with  rotor  dynamics,  the  second  with  tilading. 

ROTOK  pYiNAMICS 

The  areas  of  concern  'n  lotor  dynaniics  include  the 
prediction  and  assessment  of  critical  speeds,  botf' 
lateral  and  torsional,  the  prediction  and  analysis  of 
vibratory  restronse  levels,  and  the  evaluation  of 
stability  limits  and  the  consequences  of  exceeding 
them. 

Critical  Speeds 

Both  methods  of  calculation  and  (ihilosophy  of 
lateral  critical  si)«;ds  have  changed  in  ttie  past  25 
years  In  the  early  1950s  it  was  common  practice 
to  assume  rigid  su()()orts  at  the  bearings  and  to  trrrat 
rjne  s()an  at  a time  in  tfie  model  Calculations  were 
made  graphically  or  numerically  The  objective  of 
critical  S()'*d  determinations  was  to  avoid  having  a 
running  speed  at  a critical  speed  in  other  words, 
each  S()an  was  "tuned”  to  avoid  certain  frequencies 
It  was  reccKjni/ed  that  larije  disr:rej)ancies  existed 


between  calculations  and  tests,  and  efforts  were 
made  to  improve  the  analyses.  The  rigid  supports 
were  rejtlaced  by  elastic  springs  with  stiffness  equal 
to  that  of  the  oil  film  in  the  bearings.  In  addition, 
the  advent  of  the  high  speed  digital  computer  made 
more  complete  analyses  possible  Later,  it  was  recoq- 
ni/ed  that  entire  systems,  rather  tfian  single  spans, 
should  be  analyzed.  After  entire  systems  were  stud- 
ied, it  became  clear  that  a change  in  philosophy 
was  required. 

Figure  3 illustrates  journal  response  versus  the  ratio 
of  natural  frequency  to  running  speed.  Flj  and  R2 
indicate  the  rigid  support  calculations  which,  of 
course,  give  natural  frequencies  or  critical  speeds, 
not  response.  Ej,  £2,  and  E3  show  the  bearings 
treated  as  elastic  sjrrings  and  are  not  in  terms  of 
resjionse  A^,  A2,  and  A3  are  the  actual  critical 
sjieeds  as  measured  by  the  jieaks  in  the  tested  re- 
sponse cfiaracteristic.  It  can  be  seen  that  critical 
sjieeds  basc-d  on  rigid  support  calculations  can  be 
seriously  in  error,  that  ciitical  speeds  calculated 
assuming  elastic  supports  can  be  more  accurate,  and 
that  neither  calculation  can  be  used  to  determine  a 
resjionse  level  because  damjiing  has  bc>cn  neglected. 

Figure  4 shows  an  analysis  of  a conijilete  system 
high  jiressure  turbine,  intermediate  jiressure  turfline, 
low  pressure  turbine,  generator,  and  exciter.  As- 
suming elastic  supjiorts  at  tfie  bearing,  22  critical 
s|)c*eds  between  zero  and  the  running  s(>eed  were 
calculated  Witfi  such  a large  spectrum  of  natural 
frequencies,  tuning  has  limitaj  apjilication. 

Vibration  Response 

A reasonatile  design  jirocedure  is  to  rtxguire  that  the 
resjionse  of  the  rotor  when  in  ujieration  is  wittiin 
accejitafile  bounds.  A rotor  running  smootfily  at 
3,600  HPM  has  a double  amjilitiide  of  whirl  at  the 
journals  of  2 mils  or  less  Tlie  value  in  a machine 
running  rougtily  is  4 mils  or  moie 

The  change  in  design  jihilovijihy  with  reijard  to 
lateral  vibration  of  rotors  has  ttuis  involvr-d  a switch 
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Figure  3.  Single-Span  Lateral  Critical  Speeds 


5 


HP  IP  LP  GEW.  EXCITER 

X -^X]  X x-^  X X K— 


SPEED 


^RUN 


E ' Undamped  Natural  Frequencies  Including  Bearing  and  Pedestal  Flexibilities 


Figure  4.  Multi-Span  Critical  Speeds 


from  tuning  to  response.  At  present,  a simulation 
technique  is  used  for  calculations,  and  rotor  designs 
are  accepted  or  rejected  on  the  basis  of  the  response 
at  the  journals  as  a function  of  running  speed.  Figure 
5 illustrates  the  acceptance  criterion.  Journal  ampli- 
tude IS  used  only  as  an  index,  the  exact  failure  mode 
IS  not  yet  known.  In  all  (rrobability,  excessive  re- 
sponse would  result  in  bearing  failures  or  perhaps  in 
loss  of  the  bearing  caps  Fortunately,  few  such 
failures  have  occurred. 

In  contrast  to  lateral  vibration,  torsional  natural 
frequencies  are  tuned  to  avoid  coincidence  with 
running  speed  and  known  exciting  frequencies  The 
problem  in  torsional  oscillations  involves  blade/rotor 
interactions  It  is  sometimes  possible  to  excite  blade 
bending  vibrations  with  torsional  oscillations  of  the 
rotor.  Methods  now  exist  for  accurately  predicting 
torsional  frequencies  of  rotors,  these  methods  ac- 
count for  blading.  Tuning  can  be  used  in  design 
because  torsional  damping  is  slight  and  relatively  few 
torsional  natural  frequencies  exist 


Stability 

With  regard  to  stability  in  rotor  dynamics,  the  de- 
signer is  concerned  with  predicting  the  stability 
threshold  and  with  evaluating  the  consequences  of 
operating  in  the  unstable  region.  He  is  specifically 
concerned  with  whether  or  not  the  instability  is 
bounded,  numerical  time  marching  techniques  are 
generally  used  in  analyses, 

A great  deal  of  theoretical  and  experimental  work  has 
been  done  for  individual  bearings  and  simple  two- 
bearing  systems.  As  in  the  case  of  lateral  vibration, 
the  real  problem  involves  multi-span  systems.  Field 
experience  has  shown  that  theoretical  predictions  for 
oil  whip,  which  is  a type  of  hydrodynamic  bearing 
instability,  generally  predict  instability  before  it 
actually  occurs  Figure  6 is  a stability  chart,  the 
Summerfeld  number  is  the  abscissa.  Thus,  although 
theory  correctly  predicts  trends  and  overall  behavior, 
significant  discrepancies  between  theory  and  actual 
experience  do  exist. 
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Anottinr  inst.ibilitv  that  has  rainivrd  much  atK;t>tion 
IS  ktKjwn  as  rotoi  whirl  f-rom  thi;  iniH.hanics  stand 
IKiirtt  It  IS  similar  to  thr  tinarini]  instritiilitn;s  alrtrady 
rnt'iitioniKl  am)  c.an  Irn  tmatcd  witli  similar  |iroi  rr 
durirs.  Much  work  is  cnirnntlv  undnrway  to  vnrify 
thnori'tiral  t'rndictioiis  of  rotor  wliirl  To  datn, 
lirolilnms  involving  lot, a vhiil  havn,  in  thn  anttior's 
rrxtx-’rinnri',  haen  solv'd  try  siiigili'  ohaii(|r;s  in  siral 
clnar.inci'S  and  aiigninnnt  of  snals  to  straits  Motors 
r)t  stitfnr  i.oristrui  turn  than  in  thn  (last  should  not 
nximrinncc  rotor  whirl 


I$I,A1)K,  V IBRATIONS 

Somn  tuitroinai  trinnry  tjladns  am  tunird  trj  avtnd 
i nil.iin  frnuunnr  ins.  otfinrs  am  dr.'signnd  lo  survivi; 
rnsonaiu.i;  Itiat  might  oir.iir  Thn  last  rows  of  modnrn 
stnam  tuihinn  hladns  an;  iinnnially  dnsignnd  as  tuiind 
hladns,  ttin  rnason  is  that  it  is  [ifiysii  ally  iinpossilrin  to 
makn  Itin  hladi.'S  largo  i;nouyh  in  thn  iTrord  diinnnsion 
to  Slirvivn  rnsonanr:i;  (sirn  Tig.  7).  Thnnnnrgy  available 
to  nxcite  vilriations  is  stiown  as  a luni  tion  of  a tiar- 
monit:,  which  is  the  intngnr  inultgrln  of  mnriinij  spend 
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Figure  7.  Harmonic  Excitation 
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Figures.  Campbell  Diagram 


fh(’  Mcneral  trend  is  such  ttiat  more  enerriy  is  avail 
able  in  thi;  lower  tiarmonics  al  which  the  longer 
blades  o(ierate  Ficjure  8 is  a Camtibell  diagrani 
(a  |)lot  ot  bladi!  frequency  versus  running  sfieed)  for 
Ih(‘  rurxt-to  last  njw  of  a 3,600  RPM  machine  It 
ran  lie  srren  that  the  thrt;e  lower  rnodtrs  are  tunc-d  - 
tfiat  IS,  ttieir  natural  frec(uencies  rJo  not  coincide  with 
a harmonic  of  running  sprrrrd  Modes  above  the  three 


funriamental  ones  are  tuned  in  some  cases  and  not 
in  others.  The  blades  are  desiqmrd  so  that  they  will 
survive  resonance  at  these  modes.  The  bands  shown 
for  each  mode  rrrsult  from  minor  geometric  variations 
and  (irecliide  tuning  for  highrrr  modes. 

Untuned  blades  comprise  about  80"'i'  of  those  usrrd 
in  a str'ain  ttirbine.  The  design  is  based  on  past 


experience,  that  such  blades  are  presently  among 
the  most  reliable  comixments  of  steam  turbines 
speaks  well  for  the  use  of  these  designs.  Blade  vibra- 
tion problems  are  most  severe  in  the  last  stages  of 
mixfern  turbines,  where  transonic  flows  and  extreme- 
ly high  loadings  are  present  Much  work  is  currently 
underway  in  this  area. 

Blading  and  rotor  dynamic  problems  associated  with 


steam  turbines  are  somewhat  similar  tuning  is  used 
to  avoid  vibrations  when  possible,  otherwise,  response 
is  the  criterion.  The  method  used  is  based  on  ex- 
perience and  continuously  shifts  as  more  data  be 
come  available.  Statistical  procedures  baser)  on  past 
experience  are  used  in  both  rotor  dynamics  and 
blading.  Careful,  well -documented  exiterimental  stud 
ies  are  required  to  complement  the  sophisticated 
analytical  tools  now  available 
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LITERATURE  REVIEW 


Thfi  monthly  Litnruturo  Rovicw,  .)  subjective  tritiijue  end  sumnidry  of  ttie  literj 
tore,  consists  of  two  to  four  review  drtir.les  eaeft  month,  3,000  to  4,000  words  in 
length  The  ()ur()osr!  of  this  serdion  is  to  (iresent  a "dirjest"  of  literature  over  a 
(leriod  of  threr>  years  Planneri  by  the  Technical  Tditor,  this  section  [iroviries  tf'e 
UiubSI  reader  with  u[)  ttjcfate  insights  into  current  tei  fmtjlogy  in  more  ttiari 
150  topic  areas.  Review  artit:lr;s  include  technical  information  from  articles,  retxjrts, 
and  unpublished  prorieedings.  Each  article  also  contains  a minrjr  tutorial  of  the 
technical  area  under  discussion,  a survey  and  evaluation  of  the  new  literature,  and 
recommendations.  Review  articles  are  written  by  experts  in  the  shock  and  vibration 
field. 

Review  articles  by  H.S  Ward  on  "The  Characteristics  of  Dynamic  Loads  and 
Response  of  Buildings"  and  by  M L.  Munjal  on  "Exhaust  Noise  and  Its  Control" 
are  contained  in  this  issue  of  the  DIGEST. 

Structural  dynamic  problems  involving  buildings  are  covered  in  Dr.  ad's  article 
al'jng  with  environmental  disturbances.  In  Dr  Munjal's  article  recent  developments 
in  the  analysis  and  design  of  exhaust  mufflers  a'e  reviewed. 


B survey  and  analysis 
of  the  Shock  and 
Vibration  literature 
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II.  S.  Wiir.l* 


Abstract  - This  paper  is  concerned  with  structural 
dynan\ic  problems  involving  buildings.  Ground 
borne  disturbances  including  earthquakes,  nuclear 
explosions,  construction  activities  and  vehicular 
traffic  are  disci'ssed.  Air  borne  disturbances  including 
wind  and  overpressures  due  to  explosions  are  review 
ed.  Finally,  thermal  loads  are  included  in  the  paper. 

1 his  IS  the  first  in  h snnns  <;f  mvit-w  ,irtidi;soii  stnic 
tui.il  dyndinlt  problems  iiivolvinij  buildiiujs  In  tlvsr; 
(iiticles  the  word  buildinq  niLludes  those  struetures 
ttidt  are  the  usual  conrern  ot  i.ivil  and  strueuiral 
ennineers.  Because  it  is  difficult  to  distinquish  lie- 
tween  loads  that  should  be  calli.-d  dynamic  am)  those; 
that  are  static,  Si'me  of  the  data  presentect  in  the 
sc.-ries  minht  seem  -mare  releviut  to  static  lo.icfs. 


In  fie  past  only  a tiw  ‘iiqiueers  fiave  li.icj  to  '.oiifront 
the  dif fii.uiiic.'S  assrauated  wilti  pn’dic  tnu|  tfie  a'  tiian 
of  dyn.imi,  lo.ids  on  buildin<|s  Ni’vertlieless,  .1 
sii|uifii  aiit  .iniooPt  of  pertiu.'iit  infoi niation  exists 
in  tfii;  t'-’tinii.il  literature,  '.treti.liiri*  back  ovi;r  a 
(leriod  ol  at  least  bO  yi-ars.  Ttiis  first  n-vicrw  is  mainly 
■ oil'  erned  witti  some  of  this  earlier  wort  . A number 
of  f.ictors  su'iqest  tti.it  enqirieers  will  be  ntaw  and  in 
the;  future  rriore  involved  witli  stiuit'ii.il  ifynamic 
problems,  sufase'luent  mviews  will  deal  witti  inforina- 
tion  tli.it  IS  likely  to  Ilf;  of  us>:  in  kei.()inc|  abrirast  of 
the  problinns  and  tfieir  solutions. 

Tfie  SOUP  i;s  of  some  of  ttie  dynamic  loarfs  tliat  act 
on  buildinijs  are  summarised  in  f njure  1,  which 
refers  to  land  based  strin  tores.  It  f.an  tie  seen  that 
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Figure  1.  Sources  of  Dynamic  Disturbances  for  Land  Based  Structures 
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hottt  1 1 urn  null  It;  .mil  n.iUir.illy  oixurnnii  dyii.intic 
ilistiirbiiiv  i;s  oi:cur  Ilu;  i‘lff  t of  tMithiiO.ikt'S  ti<is 
pt“rh,ips  rot  Pivittl  Itii;  most  citti;ntion  in  thi;  p.ist 
rionomic  ptnssiirns  .md  disturlmii)  sot  mI  dnvclop 
monts,  howi;vi;r,  mi()ltt  m,)ki;  otItiT  lorfds  of  iitirnc 
coiHt'rn  in  Iht;  fiitiin; 

f conomii:  prnssoros  cin;  (irodiit  ititj  a situation  in 
whicfi  stmrturns  art;  fttxomint)  tiolh  liijhter  and 
lanji.T  and  thus  more  siisi.oiniblt:  to  thi;  artion  of 
such  loails  as  wind  Small  i)rou|is  of  |)t;o|)lo  in  both 
rlt,‘Vf“lo()t;d  and  di’vnitjpintj  coiintnus  practice  anarchy, 
wliicfi  is  frequently  manifrrsted  in  attemfjts  to  destroy 
tiuildinos  In  such  i,ases,  ttie  primary  concern  of  the 
enc)inoer  must  be  to  mlnimi/e  hazards  to  human  life, 
rather  than  to  preserve  property,  but  t fie  two  factors 
are  closely  linked 

The  so  called  enerqy  crisis  sfiarked  a dramatic  increase 
worldwide  in  the  search  for  offshore  fuel  resi;rves. 
The  exploration  of  the  North  Sea  revealitd  sfuirt 
comintjs  in  our  knowledcje  of  this  hostile  environ 
merit  It  can  be  argued  that,  if  the  [irohleins  of  a 
growing  world  po|)ulation  are  to  be  r.ontained,  the 
demanif  on  enrjineers  to  dirsign  a wider  range  of 


strictures  for  iisi'  in  ttu'  sea  will  inr.rease  Su  fi 
strui  turns  would  tioiisr;  and  feed  men,  as  well  as 
[irovide  i;ner(|y  and  materi.il  A trrerequisite  for 
tliese  develoiiments  is  a better  undi.-rstanding  of  tfie 
.Ktiori  on  siriii  lures  of  wave  liiarfs,  ti'f<ll,  turfjidily, 
and  or  ean  r iirri'iils,  ami  n elji‘ri)S,  as  wi;ll  as  sm  ir 
environmental  fai  tors  as  • orrosion  In  tliesfioil  tern 
tfiis  information  r.an  fx;  oirtainerl  only  fiy  measuring 
the  peiformanie  of  I'xistini)  structures  in  tfie  sea. 

Ttie  designer  of  a fiuilding  must  usually  [iredict  its 
responsi;  to  a numljer  of  loading  conilitions.  Tfiis 
coiigilex  [irocess  is  leiiresentixl  by  the  simple  diagram 
of  Figure  2,  in  wliich  the  load  is  an  input  to  tfie 
"black-tiox"  representing  the  building,  the  output 
of  ttie  system  rrtpresents  structuial  n;s[)onse,  Charac 
teristics  of  the  dynamic  load  that  are  of  iiarticular 
interest  include  energy  content  as  a function  of 
frequency  and  [irotiiitnlity  of  occurience  If  the 
stiffness,  mass,  and  daminng  of  the  structural  system 
produce  natural  frequenr.ies  of  vitiration  within  the 
ramie  of  those  witfi  the  most  energy  in  the  input, 
large  structural  responsi’s  will  develo(i.  This  will  be 
the  central  issue  in  Ifiese  leviw  artii  les.  Unfortunate 
ly  It  IS  not  possitile  to  use  ttuxireiu  al  (.oncopts  to 
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Figure  2.  Factors  Influencing  Structural  Dynamic  Responses 
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provide  the  desiqner  with  nw.i‘ssary  data  The  re 
S[)onsc  of  I'xistinq  structures  to  a particular  dynainit 
load  shcriild  tie  measurer)  to  assess  ttie  cliaractttristics 
ot  the  load  [ 1 ] 

This  review  I'resents  intormation  on  dynamn  loads, 
(onsiders  rnettiods  tliat  have  tieen  used  to  nieasiire 
structural  resiionses,  and  deals  witti  field  measure- 
merits. 


(iKOl  ND-BORNK  DISTl  RB ANCKS 

Ground  liorne  distiirhances  in' hide  tarthctuakes, 
nuclear  ox|ilosions,  t.onstruction  activities,  and 
vehicular  traffic. 

Earthciuakes 

UNI  SCO  has  estimated  that,  each  year  between  1925 
and  1950,  earthc)uakes  raiised,  on  the  averar)e,  ttie 
loss  of  14,000  lives  and  400  million  dollars  wrtrth  of 
damaqe  to  buildincjs  thioucjhout  the  world.  In  ttie 
past  12  months,  a series  of  severe  earthciuakes  have 
server)  to  fiiijhl icjtit  the  severity  of  tliis  ty)Je  of  dy 
namic  loacfinci  on  structures  Most  of  tfie  knowledrje 
relatec)  to  the  characteristics  of  earthquakes  anr)  tfieir 
effects  on  buildinrjs  has  come  from  bitter  experiences 
,)ri()  har<)-earnc-r)  lessons  over  ttie  past  40  years. 

Biiildinc)  rode  regulations  are  rarely  up  to  rfate, 
many  eartliquake  load  regulations  nevertheless  reflect 
awareness  of  earthquake  effects  (2 1 . Three  of  the 
most  significant  factors  in  modern  codes  are  seismic 
rei)ionali/ation  [3]  , a procedure  for  calculating  the 
(Jynamic  resprjnse  of  structures  [4|  , and  some  con- 
sidrrration  of  ttie  ()round-structure  interaction  phe- 
nomenon [5J  In  effect,  seismic  reriionali/ation 
allows  for  tlie  probable  recurrence  of  a largo  riarth- 
(|iiak«;  rile  ottier  two  factors  attempt  to  allow  for 
the  iritrrrar.tion  of  ttie  frequency  content  of  the 
grounr)  motion  and  the  dynamic  characteristics  of 
the  strur  tural  system  Fartht|iiake  eriglrieeritii|  pro 
vHcxj  tlie  impetus  for  rec.irnt  work  in  soil  dynamics 
[6)  , a to()ir.  that  will  have  rniK  h wider  a()(i|i(.atiori  in 
Itirr  future  An  riarly,  tiut  very  useful,  source  of  ref 
erenc:c!S  related  to  earthquake  resistant  t)esigri  has 
lieen  (irovided  liy  Roseribiueth  [7| 

Others 

Nuc  lear  exiilosioris  .,'re  being  considered  as  a way  to 
c!xc,avate  large  qiianti'icrs  of  soil  Such  use  of  nuclear 


power  has  resulted  in  the  removal  of  some  data 
from  classifuK)  secret  files  of  defense  orejani/ations 
[8)  . Tfieoretical  methods  for  predicting  ground 
motion  levels  and  frequency  content  (iroduced  by 
underground  nuclear  exfilosions  are  not  yet  well 
established.  The  devolofinient  of  such  methods  is 
dependent  upon  actual  measured  data  [9,  10)  The 
results  of  the  Boxcar  underground  explosion,  which 
had  a yield  of  1 .2  miHjatons,  sliowod  that  peak 
particle  velocities  of  around  0,2  cm/sec  were  pro- 
duced at  a range  of  1 X 10^  meters,  most  of  the 
energy  was  within  the  frequency  ranije  of  0.25  to 
1 .0  Hz'. 

The  Suffield  Research  Establishment  in  Alberta, 
Canada,  carries  out  much  of  the  serious  work  in  the 
Western  world  on  large  conventional  explosions.  The 
results  are  probably  of  limited  interest  to  civil  engi- 
neers, however  [11],  More  useful  results  have  been 
obtained  from  the  study  of  quarry  blasts  or  con- 
trolled ex()losions,  in  which  interest  has  centered  on 
the  vibration  levels  that  (ircxluce  damage  to  buildings 
(12,  13)  Euroiiean  and  North  American  investiga- 
tions have  suggested  that  structural  iiarticle  velocities 
of  around  3 cm/sec  will  produce  damage  in  masonry 
and  concrete  walls  (14,15). 

Construction  activity  and  vehicular  traffic  also  cause 
dynamic  disturbances  of  buildings.  Some  pertinent 
information  has  been  suiiimari/ed  (1)  and  is  repro 
duced  in  Figure  3.  The  blasting  data  have  been  scaled 
to  re(iresent  the  effect  of  a one  pound  charge.  In  the 
ase  of  traffic  vibrations  the  riding  surface  of  the 
road  has  the  greatest  influence  on  the  level  of  the 
ground  motion  that  is  generated  It  is  of  interest 
that  dynamic  loads  are  not  always  a source  of  nui- 
sance, as  exeniplifi(x)  by  the  (liling  data.  Ttie  sonic 
(lile  driver  creates  less  disturbance  when  producing 
a resonant  driving  force  in  the  pile-ground  system 
than  do  conventional  systems  Most  of  the  energy 
content  (frequency)  of  these  disturbances  lies  be- 
tween 0 5 and  50  H,'  Measurements  of  the  dynamic 
loads  on  30  hi'ihway  bridges  in  the  United  Kingdom 
)16)  are  reiiresentative  of  the  useful  design  data 
that  can  be  obtained  from  full  scale  testing  of  struc 
tures 

AIR-BOKNi':  DISTUKBANCKS 

Airborne  disturtiances  include  wind  and  those 
resulting  from  ex(ilcsions  The  characteristics  of  wind 


13 


PEAK  GROUND  VELOCITY  (INS/SEC.) 


c 

} 

i 

! 


I 

I 


DISTANCE  FROM  SOURCE  (FT.) 


Figure  3.  Attenuation  of  Some 
Ground  Disturbances 

loading  havf!  already  been  the  subject  ol  a literature 
review  [171 

The  rjetonation  of  nuclear  weapons  in  the  air  pro- 
du(,es  N shaperj  pressure  transients  with  (teak  ovr.-r- 
pressures  that  are  furtctions  of  the  distance  from 
ground  zero  and  the  yield  of  the  weairon.  A one  meg- 
aton explosion  would  cause  an  overttressure  of  1 ,000 
Ib/m^  at  a range  of  1,000  yd  and  1 Ib/in^  at  10,000 
yrl  The  positive  phase  of  the  pressure  transient  would 
be  about  two  seconds. 

Powerful  explosives,  if  detonated  in  an  o(>en  space, 
produce  shock  waves  that  travel  about  1,000  in/sec. 
The  decrease  of  [leak  pressures  is  aiiproxiinately 
er^ual  to  the  sftuare  of  the  distance  from  the  source 
For  example,  a one  kilogram  charge  of  TNT  would 
develop  a (x;ak  (iressure  of  around  two  atmospheres 
at  a range  of  one  meter,  the  (lositive  [ihase  of  the 
overpressure  would  last  about  one  millisecond  [181 
The  shock  wave  following  explosions  within  an  en 
clr>sr.*d  sjiace  undergoes  a number  of  reflections,  a 
considerable  magnification  of  the  atrresponding 


free  air  (iressure  i an  occur 

In  gaseous  exjilosions,  including  explosirjns  of  dust 
susi'ensions,  tlie  atmos|)fieric  oxygen  rieerfed  to  su(i 
port  the  combustion  process  P.'iids  to  produce  a 
slower  build  up  in  pressure  than  that  generated  by 
powerful  ex|ilosives.  The  uigier  limit  to  the  peak 
pressure  that  can  be  developed  even  tiy  confined 
gaseous  exfilosions  appears  to  be  around  100  Ib/in  ^ 
This  trressure  is  difficult  to  achieve  in  [iractice  be 
i;ause  the  relative  slowness  of  the  combustion  process 
allows  vents  to  blow  out  at  low  pressures,  the  result 
is  a redui  tion  in  the  final  pressure 

Sonic  booms  are  another  form  of  dynamic  loading 
that  might  become  significant  to  the  civil  and  struc- 
tural engineer.  At  (iresent  it  seems  unlikely  that  the 
[iroblems  will  be  difficult  to  solve  (191  , For  example, 
nornial  operations  of  the  British  French  plane  the 
Concorde  tan  be  expected  to  produce  overpressures 
of  2.5  Ib/ft^ 

OTHKRS 

Otfier  tvftes  of  dynamic  loading  of  structures  include 
thermal  loads  due  to  temperature  variations  and  tire, 
imiracts,  and  the  action  of  ocean  waves,  currents, 
ano  wind. 

Thermal  Loads 

Daily  and  seasonal  variations  of  tongieratuie  can 
generate  significant  movements  in  larrje  structures. 
These  movements,  like  those  associated  with  giound 
settlement  or  steady-state  wind  (iressure,  take  place 
slowly  and  can  be  measured  in  years.  The  effects 
would  usually  be  considered  to  be  static  loading 
effects,  they  are  Included  in  this  review  trecause  the 
resultant  movements  can  be  mrtasured  only  with 
advanced  instrumentation  derived  from  dynamic  tost 
methods.  An  irtgiortant  design  problem  in  teiigiera- 
ture  movements  involves  multistory  buildings  -- 
exterior  and  interior  columns  can  be  subjected  to 
tengierature  differences  in  excess  of  100  F.  Most  of 
the  work  on  this  (iroblem  has  been  carried  out  by 
structural  engineers  responsible  for  designing  the 
tallest  buildings  in  North  America  1201 

Fire  loads  constitute  a dynaniic  loading,  insofar  as 
the  temfxtrature  increases  that  occur  can  be  measured 
in  minutes.  Obstirvafions  liave  shown  that  a wide 
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iaiv)o  tiiv  loails  win  ow  ii( , dnpi'nciiiKj  upon  (ht* 
of  tujildini)  liiKf  Its  contents  7 tiusu  f.)i  tors 
co'n()lii,dtu  the  sniei  tiiin  of  cit'pioiiriiito  fire  rusistunco 
toi  diiy  strut  tutal  roinpoiu'nt  Survtry  ridt.i  from 
(fisastrous  ttvnnts  tan  iirovirft!  tiscful  Information 
about  tfu!  mal  Inaiis  ttiat  tfovirlop  in  structures  l2t) 

Impacts 

Steam-tiriyrtn  rail  ('ntjines  extiorienced  the  first  tv(>eof 
imt'act  loaclinp  cJ(>alt  with  by  strtrttural  enyineers 
The  effect  of  the  ''lianuner  blow  " on  railway  bridyes 
was  corntiensated  for  by  addiny  about  ten  iiercent 
to  the  known  weiyht  of  the  train  Poltmtial  sources 
of  im(>act  loadiny  now  include  aircraft  and  massive 
trucks  The  possible  hazards  of  such  Irjadinys  should 
not  be  dismissed  because  thr;y  rarely  occur  On  at 
least  one  occasion  a tfiroat  was  itiade  to  fly  a larye 
aircraft  into  a nuclear  trower  station.  In  addition, 
some  modern  load  bc'ariny  masonry  buildinys  would 
suffer  extensive  damage  if  they  were  hit  by  a truck. 
Data  on  mt>asured  and  estimated  loadings  due  to  the 
impacts  of  heavy  vehicles  and  aircraft  1221  could 
be  us<;d  as  the  starting  point  for  design  of  structures 
that  withstand  the  action  of  such  loads. 

Offshore  Loads 

Most  of  the  loads  that  must  be  considerrtd  in  the 
drisign  of  offshore  structures  are  rlynamic  ••  the  at  tion 
of  waves,  winds,  and  currents.  Engineers  will  I'rob- 
ably  become  increasingly  involvrrd  with  the  construe 
tion  of  structures  in  the  sr:a,  valuable  riata  are  already 
available  (22  24)  and  will  be  described  in  the 

next  article  in  the  series. 


MKASIRKMKNT 

One  reasrrn  f(jr  the  lack  of  useful  data  pertaining  to 
structural  dynamics  of  structures  is  ttiat  too  tew 
civil  engineers  are  familiar  with  modern  instrumenta 
tion.  Many  experiments  involving  dynamic  loatling 
have  brit;n  prompted  by  tfie  devastating  effects  of 
earthrpiakes  on  tall  buildings  The  laser  is  gaining  in 
im[)ortance  as  a tool  for  measuring  larije  slowly 
varying  movements 

Technic|ues 

Pr;rha|)S  tfn*  greatest  obstacle  to  the  accumulation 
of  data  on  the  nature  of  dynamic  Irtads  acting  on 
buildings  has  biren  a lack  of  knowledge  among  civil 
enginerrrs  of  modern  instrumentation  technirpies. 


Until  all  (irofessional  enginiHsts  in  the  construction 
industry  fiave  been  made  aware  of  available  instru 
mentation,  it  is  unlikely  tfial  the  quantity  rd  exixiri 
mental  data  ni.videri  to  improve  ttieoretical  crjiK  (,'pts 
will  ini.reasr;  Srjme  information  aliout  ap(iro(iriate 
measurinc)  tc’chriKpies  foi  structural  dynamics  lias 
brten  publishr.-d  a survey  of  instrumentaf ion  provirles 
the  uninitiatird  with  necessary  vocabulary  (2b| , and 
other  papers  di;al  witli  new  I'Jeas  that  may  tie  needed 
in  the  future  [26,  27)  . 

Structural  Movements 

Measuremernts  czf  structural  movetments  have  been 
made  by  usinc)  either  naturally  occurring  or  man 
made  dynamic  forcers,  ffic;  most  frcjr^uently  used 
sources  of  excitation  have  tiiren  wind  and  crarth- 
quakes.  One  of  the  earlirrst  experiments  was  the 
attempt  to  measure  the  movements  of  the  Empire 
State  Building  in  Nt;w  York  City  [281  . A long  pen- 
dulum was  suspended  in  the  fire  towirr,  and  both 
wind-  and  temperature-induced  drifts  were  recorderd. 
Similar  indirect  measurements  have  involved  rocxird- 
ing  structural  strains  (291 . 

A considerable  amount  of  work  during  the  1960s 
was  aimed  at  determining  the  natural  pirriods  of 
vibration  for  tall  buildings.  A more  rational  approach 
to  designing  such  structures  so  tliey  can  withstand  the 
effects  of  earthquakrrs  (irovided  the  stimulus  for  tfiese 
investigations.  In  most  casi.'s,  electromechanical 
seismografihs  or  accelcrrometers  were  used  to  measure 
the  dynamic  movements.  The  .Japanese  used  a forced 
vibration  test  technique  (30),  a wind-induced  test 
metfiod  was  later  perfected  in  Canada  (31)  after 
original  work  had  been  done  by  the  U.S.  Coast  and 
Geodetic  Survey  Another  group  based  at  California 
Institute  of  Technology  obtainrxl  information  about 
the  signifi(.ant:e  of  the  ground  structure  interaction 
ptK.'nomrrnon  (32)  Most  of  ttie  measurements  in 
all  of  ttiese  invi!Stig<itions  involved  liorizontal  move 
merits  ii  tall  buildinrjs,  acr  r'lerations  rarely  exceeded 
iir.ivity  and  occurrerj  in  a frrrquenr.y  range  of  0.1 
to  20  Uz 

Temixrratiire  effects  and  wind  loads  i>roduc(>  large 
slowly  varying  movements  ttiat  are  difficult  to 
measure.  A riumbirr  of  recent  develoimients  utilize 
o()ti(.jl  methods,  it  is  likely  that  the  laser  will  also 
(ilay  a significant  role  in  overcoming  some  of  these 
protilorns  (26,  27,  331  . AIttiougfi  movements  can 
oxcec’d  a meter  or  more,  the  time  rexjuired  ranges 
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to  months  nr  oven  yisHS  Movements  of  mort!  Itwn 
15  (in  were  recorded  over  ,i  24  hour  period  for  n 
iliiyr'd  tower  ,jl  C(‘i),ii  Hill,  Texiis,  <')S  ■)  ( onsequerten 
of  wind  I'ffei  ts  Crude  rneasurini]  equipment  has  treen 
used  to  re(orr)  tfiermal  movements  in  a nirmtxv  of 
huildinqs  in  ttie  Ctiir  aqo  area  |.'14),  resi/lts  surjrjesteri 
that  eolurnrrs  I'orrld  move  as  rrurcfi  as  0 1 ern  (ler 
story  when  ttie  extf'rior  temperature  was  around 

20°C  Fair  more  ext'erirnental  (fata  are  neederl 
with  n‘<^ll<l  to  temperature  and  wind  movements  of 
huildmris  Suryr'yinn  and  (itiotrjgrammetry  are  two 
ai'l'roai  hes  Ifiat  mii)ht  also  lie  used  |35,  36).  hut 
they  ()o  not  ((('iierate  information  in  a form  that  can 
be  easily  analy.’ed 

F xr;o()t  in  ttie  c.ase  of  ear  tfu|uakos,  tfie  structural 
moveirir'iits  created  by  most  dynamic  loatis  dn  not 
tirndur.e  Significant  damarie  to  ttie  main  frame, 
Gla/ini|  and  tiartitions  are  usually  damaged,  the 
damaije  assoi  rated  witfi  wind  loiids  lias  rer.ently  been 
reviewed  (3/)  Aiiottier  criterion  that  must  bo 
seriously  ronsidered  is  tfio  resfionso  of  people  to 
structural  movements,  |iarti<  iilai  ly  if  tlio  fretiuencies 
are  inuc.h  (lelow  I H/  [38,39).  Recent  conferences 
and  symposia  [irovide  a (onniretiensive  range  of 
paiiers  tliat  extend  the  sourcrj  of  references  for 
dynarriK,  lnadiri()of  structures  [40  42]  . 

( ONr.U  SIONS 

I tie  influence  (3f  dynamic  forces  on  structures  did  not 
arouse  wides[iread  interest  until  rr'coritly  Fconomic 
prr'ssures  and  tectinical  (fevelrjpments  are  cfianging 
tins  position,  how’ver,  and  as  structures  tiecorne 
lighter  and  stifety  factors  are  lowirreri.  problems 
that  arise  must  be  dealt  with  proprjrly  Far  more 
experimental  work  must  be  (lertorinod  to  obtain  data 
on  tioth  the  charar.teristics  of  the  forces  .md  tlie 
movements  ttiey  iirodiice  in  existing  tniildings. 
Prr5()er  unrlerslarniinr)  of  this  information  would  allow 
desirjriers  to  apirroach  the  design  of  new  t)uildini|s 
with  (|reater  tonfidenr  e 
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I,\M AUST  NOISK  AM)  ITS  COM  KOL  A KKVIKW 


M.  I,.  Vliiiijal* 


Abstract  This  article  describes  recent  developments 
in  the  field  of  analysis  and  design  of  exhaust  mufflers. 
The  article  is  concerned  only  with  exhaust  noise. 

Aiitomotivt!  entjinos  dre  rcs()onsible  for  most  of  the 
noise  ttiat  pollutes  the  environment  of  cities.  A 
recent  survey  shows  that,  even  thoiiyti  tieavy  com- 
mercial trucks  comprise  only  0.5%  of  the  vehicle 
txjtHilation,  they  account  for  17%  of  the  noise  (1| 
Heavy  trucks  are  the  noisiest,  with  motor  cycles  a 
close  second,  passtrnger  cars  and  light  trucks  are 
less  noisy  One  reason  commercial  trucks  are  noisy 
IS  their  low  horse  power-to-weight  ratio,  which  re- 
rguires  them  to  operate  at  or  near  full  power  during 
acceleration  and  steady-state  operation,  '’assenger 
(,ars  rarely  ac  hieve  high  engine  speeds  [2] 

Most  automotive  noise  occurs  during  the  exhaust, 
intake,  and  combustion  steps  of  the  engine  cycle; 
the  cooling  fan  is  also  a noise  source.  Exhaust  noise 
IS  at  least  20  decibels  (dB)  higher  than  any  other 
noise  in  a reciprocating  engine  (1|  , with  the  excep- 
tion of  heavy-duty  truck  engines,  in  which  combus- 
tion induced  engine-body  noise  - also  called  combus- 
tion noise,  structural  noise,  or  simply  engine  noise  - 
is  of  the  same  order  Research  on  the  noisr;  tjeneratc>d 
by  the  engine  block  of  diesrti  engines  has  resulnxt  in 
sctriii  erninrical  expressirtns  for  various  types  of  diesel 
engines  (3)  A stateof  the  art  review  of  ttie  analysis 
and  design  of  exhaust  mufflers  was  publisherj  in  the 
DIOKST  in  1973  (4) 

RADIATION  OF  KXHAI  ST  NOISK 

A reciprocating  interrial-corribu.stion  c>ngine  disc  harges 
hot  gases  during  the  exhaust  stroke,  when  the  piston 
moves  in  with  a varying  velocity,  and  (iressure  in  the 
cylinder  drops  c.onsiderably  This  extiaust  (lattern  is 
repeated  with  each  revolution  or  every  othctr  revolu 
ticjn,  depending  on  wfiether  the  engine  has  a two 
stroke  or  a four  stroke  cycle.  If  N denotes  retvolu 
tions  per  minute  of  the  crankshaft,  either  N or  N/2 
exhaust  pulses  occur  per  minute  pirr  cylinder  This 


fiericxiic  pulse  is  considerably  altered  as  it  (lasses 
tlirough  the  exhaust  system  (consisting  of  exhaust 
manifold  and  exhaust  pipe),  muffler,  and  tail  pipe. 
At  the  end  of  the  tail  (iipe,  the  exhaust  iriterac.ts 
with  the  atmosptiere  to  produce  sound  by  means  of 
the  irioriofiole  mechanism.  Until  recently,  the  sound 
level  was  c.alculated  by  performing  a Eourinr  analysis 
of  the  (lulse,  calculating  the  sound  power  assoc  iatc.xf 
with  each  harmonic  coitifionerit,  and  adding  the  con 
tributions  of  all  harmonic:s  to  determine  the  sound 
power  radiated  out  of  the  tail  pii'e.  The  sound 
(lower  assoc;iated  with  cjac.h  harmonic  comtionent  is 
calculated  from  ectuation  (3). 

Vy(n)  = L „(n)^(n)  = ^ P<'^)  cos 
-J_  p(n) 

2p„  ■|Z„(cu)|  -iZ^lcall 

= 5^  (1) 


wfiere 

acoustic  (iressuie,  p'^*  Re|p*''*exp(ncUyt  - 

p^''*cos(ncjjjt 

mass  velocity,  v*"*  'V*^*<os(ncajit 

(ihase  diffctrencte,  c/i^'^'  ~ 

radiation  imtic’cfanc  ci, 

Z„(ca)  =(i(u))/v(ca)  |Zy(ca)| 
s R^j  (to)  r I Xj^ 

oj  ncjp 

cjjy  = firing  frec|uenc  y in 
ladians/sec 
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lo  siiiu'lity,  drop  llii!  superset ipl  (ii)  from  <ill  riudn 


H.,-  V,.  l-.i<0.2 


<Pv)-4 


H, 


2^,''  ,3, 

Ir)  tftrs  drtirir,'.  unirrss  ottu-rwisu  St.itr.'d,  f),  v,  I,  >ind  W 
o;(irt!Sirnt  hdrmonic  r.omiionorus  of  prrissure,  virlocity, 
intensity,  dtHl  sonrul  power,  respectively 

In  mean  flow,  lire  rdtlidUon  of  sound  i.orresponrlini| 
to  edcti  component  rjenerally  increasrrs  [51  . Tht; 
state  variablrrs,  as  well  as  acoustic  (iressure  and  mass 
velrjrity,  are  replai  ed  by  (lerturlrations  on  'total' 
pressnre  antj  'total'  mass  veltx  ity  Thirse  vanabltrs, 
i,allt:d  convective  pressure  and  convei.tive  mass 
velrxity,  are  relaieri  to  acoustic  vatiafilns  as  stiown 
below  [61 . 

lie  p + M,  Y]  V f'^) 

v(-  V + M,  p/Y  j 

M,  ,inti  V,  are,  resper  bvely,  tti(?  mean  flow  Mar  ti 
number  in  and  rfiaractenstic  imiierfance  of  tfie  tail 


M U/c  (^) 

Y = c/S  (8I 

U,  c,  and  S are,  resfiectively , mean  flow  velor.ity, 
velocity  of  wave  prorrarjation  in  a stalionary  mf,‘diiim, 
and  the  cross  sr.'ctirjrial  area  of  tfii'  tube  rtie  soiinil 
rarfialeri  in  the  presence  of  mean  flow  is  given  by 
I'rtuation  (9) 

Wi  - ■ — (pc)  (vc) 


- (0  fiO  fa)Y|  , ka  ^0  2 '-  I 

More  ex, ii  t values  of  K,j(MI  rod  an  tu’ founrl 

in  f igiiie  4 of  Mrrcliel,  Sri  ill/,  <j'id  Oiet/  [ 7 1 


f-  (|uation  19)  ' an  lie  rewritten  m the  form 


Wc  ■ (P<  Ifvi  ) 


,,  , --  _L_  Jli  . ,a,  . 


’ n il 


icaft  - f 
;P(.e  ' 

icjft  - 0 ) 

!>  Vt;  e '' ' 


VC  ReiVc  f* 


O'-  - <f^pc  - 0^,:  - td"  [f,; ; 

_ p+  M , Y ,jr  _ 2^^|M)aM,  , 

' ^^o  ' VC  ~v+M|P/Y|  M|/  iMI 

1+  - sV- 

' I 

/,,(M)  = H,,(M)  + I X^j(M) 


A.WI,^  SfS  OF  \\  FVI/A(  ST  Ml  FFTFK 

The  iirimary  (lurpose  of  a muffler  is  to  nxiuce  tlie 
fliK  tuations  in  rrxhaust  flow  tiefore  the  riases  interact 
witfi  tfie  atmos(>here  to  radiate  sound  A good  mnf 
fler  reduces  the  amt>litudes  of  all  the  harmonics 
witliout  arklinti  unduly  to  the  back  (iressure  of  the 


Atti’nuation  (ATT)  or  insertion  loss  (III  of  an  ar.ous 
tir:  filter  IS  rfefined  as  the  ratio  of  sountf  radiatrrd 
wilfioul  lo  tfiat  radiati’d  with  a mufflr.'r. 


W, 

All  10  lor),  „ 


Tfit;  eriuation  tias  berm  vc-nfied  ex()erimentally  [5). 
Trr>tn  (.'ijuations  (2),  (3),  14),  and  (5),  it  rsm  fie  seen 
ttiat 


t A<  '''*1  I ' f'' 

% ItM 


Ro(M,) 


For  sufficiently  low  fregiiencirrs, 

■ n 1 M,  ) Y, 

X,/M,  I -X,,  (1 


f'i)(M|  I (10) 


Wi  anri  Wj  reriuire  acoustic  evaluation  of  tfie 
muffler  and/or  the  exfiaust  system.  Tithr*r  of  two 
d()()roat.fies  can  be  used  aioustic  wave  analysis  or 
finite  (iiilse  analysis  In  acoiistn  wave  analysis,  it  is 
assumed  ttiat  all  amt'litudes  of  harmonic  tomponents 
of  (larlicle  velocity  are  mur  h smaller  tfian  the  velocity 
of  wave  (irotrariation.  Tins  analysis  is  easier  to  work 
with  than  finite  (lulso  analysis  and  tias  lii.'en  instiu 
mental  in  rircent  .idvances  in  design  metfiodoitvjy . 
Both  ai>i'roacties  are  discusserf  below. 
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Acoustic  Wave  Analysis  A i|(!ru!ral  exprossicjn  for  the  attenuation  of  a muffler 

Sii'w.iM  |8|  used  Uisii  elei  iro  aujustic  arialoi|ios  in  was  |nit)l isherj  in  1 973,  it  accounts  for  finite  radiation 

lerivin.)  Uie  Ixisii  tlieoty  ,ind  desii)n  ol  acoustic  aiui  source  impedance  n is  the  number 

fillers  It)  192^1  I xperiinenl.il  ver  ifir  atiori  of  classical  of  elements  r.onstitutinr)  tfu'  muffler  (see  Fig.  1(a)), 

.iionsties  ,is  .ipiiliei)  to  various  muffler  eleiiurnls  and  Ttiis  exfirijssion  was  later  written  in  terms  of  velocity 

sirn[i|e  coiriliinations  w.is  (iroviiled  in  1954  |9)  ratio  [10) 


(a)  EQUIVALENT  CIRCUIT  FOR  AN  ACOUSTIC  FILTER  WITH 
NORMAL  TERMINATIONS 


(b)  MODIFIED  CIRCUIT  FOR  THE  EVALUATION  OF  VRn+1 


Cc)  MODIFIED  QRCUIT  FOR  THE  EVALUATION  OF  VRCn^.| 


Figure  1.  Block  Diagrams  for  the  Evaluation  of  Velocity  Ratios 
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ATT  = 10  loq,o 


(16a) 


Muffler  performance  can  also  be  evaluated  by  a 
scheme  of  calculations  developed  by  Alfredson  and 
Davies  (11)  The  velocity  ratio-curn-transfer  matrix 
method,  firjwever,  is  easier  to  use.  The  following 
conclusions  were  drawn  from  a heuristic  study  of 
the  effect  of  mean  flow  and  source  impedance  [12) 


Zp  + 1 IS  the  hypothetical  internal  impedance  of  the 
exhaust  system,  VRp.,.^  is  the  velocity  ratio  Vp,^.]/Vq/ 
defined  with  respect  to  Figure  1 (b).  Subscripts 
1 and  2 of  Z refer  to  W,  and  Wj  respectively 
Equation  (16a)  neglects  the  phase  difference  0 
between  acoustic  pressure  and  mass  velocity,  the 
ratio  of  the  acoustic  pressure  to  mass  velocity  is 
the  complex  radiation  impedance  Z^. 


The  correct  expression  is  shown  in  equation  (16b). 


In  the  presence  of  mean  flow,  attenuation  (ATT) 
would  be  given  by  equation  (17),  see  Figure  1 (c). 


ATTc  = 20  log,  q 


n-H 
+ Zc 


! 

I 

i 


where 


VHc 


n>  1 


'n  + 1 


(17) 


(18) 


• although  mean  flow  would  increase  the  radia- 
tion of  sound  considerably,  it  would  not 
significantly  affect  the  attenuation  of  tufrular 
mufflers 

• mean  flow  would  make  hole-cavity  resonators 
almost  ineffective  (see  Fig.  2,  tor  example). 
This  has  been  observed  experimentally  [13,  14] 

• larger  exhaust  manifolds  (i.e.,  lower  ?„+i) 
would  lessen  exhaust  noise,  [larticularly  at 
higher  frequencies  (see  Fig.  3,  for  example). 
This  has  been  confirmed  [15]  with  experiments 


The  effect  of  mean  flow  on  branch  resonators  was 
originally  observed  experimentally  in  1956  [13] 
The  effect  has  recently  been  studied  theoretically 
[14],  acoustic  energy  dissipation  was  assumed  to 
be  caused  by  shear  flow  at  the  aperture  of  the  reson- 
ator, The  impedance  of  the  resonator  at  its  aperture  is 


Z - ito 


3n 


(20) 


I 


where  a and  1 are,  respectively,  the  radius  and 
length  of  the  neck  opening  into  a cavity  of  volume 
Q. 

= tra* 

M(f)  =-^  =U„  (f/Vo) 

? =a/3 


Vq  = radius  of  the  flow  pipe 
Uq  = mean  flow  velocity  in  the  pipe 


VFlc^,^]  can  be  calculate)  by  successive  multiplica 
tion  of  the  transfer  matrices  of  various  acoustic 
elements 


including  discontinuities  of  the  muffler  [6] 


Com()onents  of  inertance  and  compliance  are  the 
same  as  for  the  case  of  stationary  medium.  That  the 
normally  negligible  resistance  term  is  large  with  mean 
flow  has  been  corroborated  fairly  well  by  experi- 
ments They  show  that  the  attenuation  of  a branch 
resonator  is  considerably  reduced  by  air  flow.  This 
IS  remarkable  in  the  vicinity  of  a resonance  point. 
As  the  flow  increases  and/or  the  length  of  the  neck 
decreases,  the  attenuation  peak  is  reducc'd. 
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Figure  3.  The  Effect  of  Source  Impedance  on  Attenuation  [121 
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In  Itic  prps»;nct;  ot  miMn  flow,  the  wave  number  of 
tfie  fotwartf  wave  trecomes  to/cfHM),  tfiat  of  the 
rcrflei.ted  wave  becomes  co/c(1+M)  It  w>  -Iri  siretn 
that  tfre  velocity  ot  wavtr  ino|i.i(|ation  c is  multi|)lied 
by  1*M  111  one  case  aittf  1 M in  the  other  But  tins 
effect  IS  limited  to  wave  number,  it  does  not  extend 
to  cfiarai  tenstic  impedance,  wtncfi  remains  unaffect- 
ed tiy  mean  flow  [4,  fi]  Hie  theoretical  analysis  |14| 
IS  in  erroi  inasmiicfi  as  tfie  effert  is  extenrfed  to  c 
in  the  charai  tenstic  imiiedaiuie,  however , tins  is  of  no 
consi'tluerKe  fir-iaiise  tfie  mean  Mow  Mai.h  numtier 
was  low  (M^  < 1 ) in  the  experiments 

IniM'd  and  Sinijhal  116,  17)  studied  the  attenuation 
ot  sound  in  turbulent  duct  flow  with  both  steady 
state  and  pulserf  sound  fields  A (|uas'  static  analysis 
meant  to  serve  as  a theoretical  frasis  for  the  observa 
tions  aprees  fairly  well  witti  ex[ierimental  results. 
The  wave  nurntjers  for  the  downstream  (|>ositive| 
and  upstream  fnepative)  directions  arc  shown  in 
i-iiuations  (21)  and  (22). 


A ilijorous  analysis  of  tfie  classical  problem  of  axi 
symmetric  transmission  of  low  amfilitude  wavtrs 
tliiou(|h  a circular  (ripe  containinrj  a viscous  fluid 
nas  shown  that  [181 


Of 


Jii, 

ra 


(24) 


Die  engine's  exhaust  system,  consisting  of  cylinders 
(with  reciproiating  pistons),  exhaust  valves  or  ports, 
and  manifold,  has  eluded  acoustic  analysis  The  sound 
generated  by  the  system,  with  and  without  a muffler, 
requires  characterization  of  tfie  system  as  an  acoustic 
source  witfi  a iiyfiothetical  pressure  p^,j.i  and  an 
internal  impedance  Using  effective  or  convec- 

tive terminology,  the  values  are  PC^^t  ^nd  ZCp|4,-|. 
Both  hy[)othetical  fiarameters  are  functions  of  such 
properties  of  tfie  exhaust  system  as  geometry,  sfieed, 
and  load 


, _ to 

■ cIT+M) 


- 1 _A_- 

' 1 -r  M 

121) 

, _A_. 

' 1 - M 

(22) 

Die  dissgiat  ion  parameter  A is  given  by 
A A tM  ,,  , B '^llri-tl  1 


(23) 


In  et|uation  (23),  t is  tfie  turtnilern  flow  friction 
fai  tor , definerf  by 


Acoustic  impedance  ot  a fiassive  termination  is  mea- 
sured with  an  irnptxfance  tube,  or  transmission  line. 
Measureif  data  is  extrapolated  to  the  reflecting  sur- 
face or  to  the  exact  location  of  the  pressure  maxima 
[19]  Lippert's  concept  of  envelotung  curves  was 
extended  in  a method  that  maizes  use  of  the  positions 
of  pressure  minima,  which  are  usually  well  defined, 
and  the  values  of  the  standing  wave  ratio  at  these 
[loints.  A similar  method  lias  recently  been  surjgestc'd 
for  evaluating  the  ar  oustic  characteristics  of  an  engine 
exfiaust  system  and  the  radiation  im(i(>dance  of  the 
atniost'here  [20] 


A 

5 r Static  pressure  drop 

in  Ip  igth  L 

M.  Mean  flow  Mach  numtjer  in  the  duct 

r),  the  ratio  between  tfie  cross  sectional  area  of 
tfie  iluct  anr)  its  (lerirneter 

R,  ReyrKild's  number 

a,  attenuation  constant  in  the  absence  of  flow 


An  alternative  methixj  lias  also  been  suggested. 
Sound  pressure  levels  L ] L j,  and  L j,  were  mea- 
ured  for  thret'  mufflers  ( onfigurations,  the  same  fuel- 
setting, spar'd,  distance,  and  angle  from  tfie  tail 
pipe  termination  were  used  tor  I'ach  configuration, 
HyiKittietical  characteristics  pc^+j  and  (rea'  and 
ini,K)inary  (larts  ot)  2Cp4]  (or  and  Z,,4^) 

can  tie  calculateri  (21 1 It  is  hoped  that  these  at- 
temi'ts  will  eventually  yield  semi-empirical  expres- 
sions (or  the  acoustic  characteristics  of  any  exhaust 
system  in  terms  of  its  geometry  and  engine  opierating 
paraiiieters 
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Finite  Pulse  Analysis 

I mite  pulse  jn.ilysis  loi  the  evdluition  ol  exhaust 
iH)isi!  was  lust  pii)|H)S»Ht  in  19t>4  1?2|,  lluw  flue 
tiiatuins  in  a tyt>i<al  exhaust  system  were  not  re 
i}.)rdi.“d  as  small  eiH)iH)h  to  tre  haiulled  with  linear 
acoustical  inethrKis  Htidinijirr's  wave  riuxjrams  123) 
were  usixl  to  trace  a single  (rulse  through  simple 
are<i  rlisixmtinuities  A rircent  methcKi  lor  evaluating 
srnind  ijirnrrtatcHl  hy  a rotary  valve  (Uilse  simulator 
Iwl  with  compiirssed  an  has  been  suggested  (24) 
A oneclimcvrsional  rjas  dynamic  arralysis  of  the 
unsteariy  How  within  the  How  systrtm  is  performrsf  to 
obtain  a time  history  ol  the  How  variables  125] 

II  cxinditions  existing  at  the  end  ol  the  pi(ie  are 
known,  the  sound  radiated  is  ralculated  by  an  expres 
Sion  that  seems  to  be  equivalent  to  (K)uation  (25). 


(25) 


Aaxrrding  to  equation  (13),  hrjwever,  the  correct 
expression  would  be 


Rc^  can  be  lound  Iroin  equation  (14) 


r ir  '^r 

1 1 

|Ro(M,)+M,Y,J|^|f  y; 

Rq(M,  J * 

r M,  I ^ 

[M,  1 ^ 

[l.y-Ro(Mi)j 

(27) 

Thus,  the  correction  to  equation  (25)  is 
He 

W=10log,o  (20) 

With  this  correction,  the  method  ran  be  extended  to 
the  exhaust  system  ol  int(-‘tnal<x>mbustion  engines, 
the  numerical  solution  ol  How  through  an  engine 
cylinder  with  a finite  length  of  straight  exhaust 
pipe  ran  be  used  126,  27)  Major  difficulties  arise 
when  discontinuities  trocur  An  analysis  of  projiaga 
tion  of  finite  pulses  across  areas  of  sudden  expansions 
has  been  attempted  (281 . The  lat*  of  direct  experi 
mental  oorroboratKjn  drxs  not  inspire  conlidetx'a  in 
the  analytical  models,  however  Fven  moastirements 
of  the  system  rxrntaining  these  elements  rxKrelate 
(xxxly  with  analytxal  predictKrns  The  armplexity 


ol  the  com()ulatioiis  is  also  a rfisadvantarje  of  the 
method 

One  (X)int  said  to  favor  this  apjiroach  is  ttiat  it  rJorrs 
not  assume  that  How  variations  are  very  small  (i  e , 

II  n(.-ed  not  be  much  smalirtr  than  c ) It  has  ticxjn 
established,  however,  that  finite  wave  effrrets  are 
inrfrred  negligible  in  the  evaluation  of  a muffler  (5, 

III 


Analytical  Modeling  of  Real  Muffler  Configurations 
Analysis  is  available  16,  11)  for  such  sim()le  muffler 
phenomena  as  sudden  ex()ansion  and  contraction,  and 
extended  inlet  and  outlet.  Commercial  muffler 
configurations  inclurle  bends,  elliptical  tubes,  and 
flow  reversal  elements,  none  of  which  has  berrn 
systematically  studirxT 

It  has  been  established  1291  thcxiretically  and  ex|x;ri 
mentally  that,  for  tubes  with  rigid  walls  and  zero 
mean  flow,  a bend  can  lx;  rc>gatdr!d  as  equivalent  to 
a straight  duct,  the  medium  length  of  the  curvixT 
section  IS  r»rr<!cled  in  projxjrtion  to  kj-Zk^,  the  nor 
mali/ed  circumferrrntial  wavr:  number  orr  the  duct 
centerline,  which  is  plotted  in  F igure  4. 

b I d 

R]  and  R2  are  the  rarfii  of  curvature  of  the  curved 
stxjtion  With  the  correction  to  the  length  of  the 
curvrxf  (xjrtion  of  the  brxid,  it  is  thought  that  irieMii 
How  can  (x;rhaf)s  lx;  taken  into  arxount  in  the  same 
way  as  for  straight  pipes  16) 

The  pro(>a()ation  ol  stjuikI  in  elliptic  dix:ts  witfxjut 
iixsan  flow  has  fxxrn  stixfied  aruilytically  (JO)  It 
was  oorKludrxl  that  i?v«,*n  large  tfefor  mat  ions  of  duct 
shatx;  hav«?  little  ellwt  or.  the  cutoff  freqix!ix:y, 
(xoviding  the  cross  sectional  area  remains  rxxistant 
akxtg  the  length,  1 o . relererux;  of  all  calculations  is 
to  ellipsrrs  of  equal  arta 

A nxrtfxxi  lor  analy/iiM)  any  system  <x>m(xjrx!nt  with 
arbitrary  geometry  Iras  fxxm  devr'loprxf  131  | , the 
form  must  b<!  an  assirmbly  ol  rectarx)ular  elenrents. 
Iransmissxrn  loss  is  talr.'ulatod  by  forming  an  crjuiva 
Irxtt  arxtustic  four  terminal  transimsSKrn  ixrtwork 
Itx!  arxMistic  tout  (xile  utnstants  are  ralculattxf  by 
tlx:  finite  elemrxit  rnethrxl  It  is  claimorl  that  "the 
nxitfxxf  has  txxrn  afitilxx!  to  txrmplHatod  sfiafxxf 
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Figure  4.  Design  Chart  for  Bends  [29] 


in  iiuiffl(!ts  for  wtiicti  plnni!  wavo  solutions 
art'  rrol  ,ivailat)li',  and  ()ood  agrr'emiait  tias  tatn  found 
bt.'twii'n  tfit!  (ircrfictions  anrt  i'x(»;rimunts  [31 1 
I Ilf  rnctfiorj,  fiowcvor,  is  not  v.ilid  for  movini|  inndia, 
and  in  its  ['rnsnnt  form,  ttu'rr.-fori!,  tlie  mntfiod  (,annot 
tin  ainilind  to  nxtiaust  mufflnrs 

I Ilf  autfior  tias  not  yti t Sffii  any  artir  If  on  ttii;  fvalua 
lion  of  rnuftlfrs  of  ttif  tytio  stiown  in  I n)iirf  fi. 
ItifSf  i;onti()urations  arn  known  to  tif  vfry  (.‘fticifiit 
and  arf  widfly  1151x1  in  thr;  autoinotiyo  industry 


DKSKiN  OK  AN  KXll  AI  ST  MIJKKLKR 

Stfw.irt  |8)  dfsii)nfd  I'xpansion  i tiamlifr  rnuftlfrs, 
likcninii  a sm.ill  diamt'lfr  lubf  to  a luni|H'd  iiifilani.f 
and  a lanjf  diaiiiftfr  lutif  (fx|iansion  cfiamtifr)  to 
a liimiifd  uimtilianif  in  ttif  low  fif()Ufni  y limit 
Itiis  analrxjy  was  very  tifltifiil  tiftausc  afiout  ti.ilf  of 
ttif  urimuftifd  noisf  lifs  at  Ifiri  tirimi  fifiiufiu  y of 
ttif  fii(|inf,  wlifif  ttif  )>rodix  I k 1 for  .rny  (iii'f  is 
small  fnou()t\  so  ttiat  ttif  lumiifd  fU'iufnt  atiinoxi 
m.ilion  tiolds  t ollowini)  a sysl'  inatii  sludy,  Cfrtain 
dfsiijn  formul.is  ,ind  i iirvfs  wfrt;  dfdui  fd  from  plaiif 
wave  Itifory  |i)|  Alfitxlson  |33|  .lu  ounlixl  tor 
mr-an  flow  in,  dfVflo(nnt)  an  fl.itioratf  > om(iutfr 
(iroi|ram  lor  ttif  dfsii)ii  of  .i  lutiular  mufllir,  tins 
dfsii(n  lias  bix'n  sui  tcssfully  uvd  |33|  I lif  first 
ma|or  stf)i  toward  a ralion<il  syntlifsis  of  .ii.oiistu 
filtfrs  Ihaf  IS.  Iinisit  dyiuimii  lillnrs,  ini  liidini) 


vibration  isolators  offurrr.'d  in  1973  witti  thf 

dfvflotmifnt  of  an  alijubraic  algtjrithm  j34|  for 
wiitinri  thf  requirixi  yelocity  ratio  |10|  in  terms  of 
im(i(.xlantfs  and  (iliasf  constants  of  the  flfinitnts 
(.onstitutinii  a filtfr,  simultaneous  solution  of  a larc)f 
number  of  ali)ftiraic  (K|uationsor  sue uissive  multii'li 
(,<ition  of  nk2  transfer  matrices  is  not  rixtuired 
the  role  of  a stier  ific  element  in  the  entire  filter  ran 
tlius  be  seen  |3b|  . Tfiis  ak)otithm  tias  been  ustsl  to 
derive  some  general  criteria  lor  the  synthesis  of  an 
airiustnal  filter  [36].  Karrioti[i  rederived  the  syn 
thesis  (riteiion  tor  tubular  mufflers  |3/|.  Convei 
tive  transfer  m.iiriri's  |(il  have  biX'n  usrxl  to  rnudify 
these  iriteri.i  for  a ralion.il  syntfiesis  of  an  t'xhaust 
muffler  with  rrii'an  flow  1 12] 

1 fie  desii|n  of  a coiiimeri  lal  muffler  is  tfiiis  at  best 
serin  eiii|iiin  al  even  today  Ffu;  design  of  ,in  effn  lent 
exhaust  miitller  tor  <|  motor  cyi  le  |.1H|  ( ontiims 
tins  remark  In  order  to  liel(i  tiurk  engine  manu 
lai  tillers  .Hid  U‘',ers  to  select  Itie  rigfit  silencer  (so 
<1S  to  meet  lisjislative  iei|uiiements,  the  U S Di'part 
merit  o'  I i.instKiilal  ion  tias  tin.iniist  a systeni.itii 
I omixii.itive  study  of  availatile  sileno'is  I he  ie|HiitS 
1)9.  4I)|  sfiow  tfiat.  me.isuiis)  ,iiioidini|  to  SAt 
iix  omiiieiided  pi.ntiie  l.ltiln  [41 1 , mufllisl  exhaust 
noise  of  till' ks  in  tfie  US  vanes  from  7?  !i  to  HO 
dl)A  versus  iinmultled  noise  of  H2  to  10',)  dt)A,  and 
that  tuilHK  fiaigixf  eru|ines  .ire  i|eneially  (|uietei  than 
Itieii  counteip.iils 
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Figure  5.  Typical  Commercial  Muffler  Configurations 


(ONCM  SION 

Over  'he  l,jsl  Ihri’f  nr  tout  years,  Itiore  havf^  bwai 
,mt  ailvcinces  in  the  analysis  and  flesuin  of 
• «fiausl  twrlfh-rs  Transmission  loss  ol  an  exhaust 
iiMiffliT  Mvilh  me, in  How  > an  lie  i alrailateii  exa<  tly 
A'  oust  II  al  ' hatai  tenstii  s of  an  onrjine  exhaust  system 
an  fie  ev.iluated  exper inientally  Ihu  i.ontaiuratiori 
of  .1  ',lraii|fil  ttiniu()h  muffler  i.an  he  der  ided  ration- 
ally  A tiifiular  mulfler  rart  lie  desiijned  i.'xat  tly  fiy 
means  of  a ilirjilal  i.omtiuter  program,  A slart  has 
heeti  n,ad<'  toward  a Itieoretical  (iredirdion,  witli 
e<li.iiisl  pulse  analysis,  of  nois<‘  that  would  he  i|en 
I rated  hy  an  eni)ine  exhaust  System, 


Some  of  ttie  (iroltlerns  awaiting  attention  are 

• analytical  modeling  of  elements  involving 
ii‘versal  of  flow  or  transfer  of  flow  through 
holes 

• (irediction  of  the  acoustic  ctiaracter istics  of  an 
exhaust  system  consisting  of  cylinders,  exfiaust 
valves,  exhaust  manifold  and  exfiaust  pipe 

• modttling  the  proiiagation  of  finite  exfiaust 
[lulses  with  the  discontinuities  characteristic 
of  a coirimirrcial  muffler 

The  solution  of  tfiese  prohlems  is  a (iierrxiuisite  to 
the  (lossitile  rievelopiiient  of  a lational  tiroceduro 
lor  tfie  design  ol  effic  rent  exiiaust  mufflers. 
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BOOK  REVIEWS 


VOLUME  I,  STABILITY  OF  MOTION,  VIBRATIONS  AND  AERODYNAMICS; 
VOLUME  II,  STABILITY  AND  VIBRATIONS  OF  NONLINEAR  SYSTEMS 

(Tom  I,  Ustoichivost  dvizhaniya  kolebaniya  aerodinamika; 

Tom  II,  Ustoichivost  i kolebaniya  nelineinykh  sistem) 

(•.  V.  Kaiiirnkov 


Moscow,  l/adolstvo  " 


The  two  volumes  contain  "selected  [)af)ers"  of 
G V Kamenkov  (1907  1966)  and  a lO-paye  sum 

niarv  of  the  sfdimtific  work  of  this  Soviet  scientist. 
rh(.>  first  (lafx.TS  are  devotr;d  to  problems  of  aero- 
dynamics sucti  as,  for  instance,  tlujory  of  fluid  re- 
sistance and  theory  of  airfoils 

Later  the  author  was  active  nearly  exclusively  in  the 
field  of  vibrations  and  theory  of  stairility  He  has 
written  a monogratih  ["On  the  stability  of  motion." 
Aeronautical  Institute  of  Kasan,  19391  , which  is 
reiMinted  in  these  ()a[)ers.  Toiiics  of  this  theoretical 
work  on  the  stability  of  motion  are  investiijations  of 
S|)ec  lal  cases  and  critic  al  lases  systems  witti  double- 
zero  roots  arui  witti  fiurely  irnacjinary  roots,  behavior 
of  systems  in  the  vicinity  of  stability  tiorder,  stabil 
ity  ctf  tier  iodic  iriotions,  and  stability  of  systems  with 


laiika"  (1971),  (1972) 

lieriodic  coefficients.  A remarkable  publication, 
first  cjiven  in  1953,  deals  with  the  stability  of  motion 
in  a finite  interval  of  time.  Further  irapers  deal  with 
motion  and  stability  of  autonomous  and  nonautono- 
mous  nonlinear  vibrations. 

Many  of  the  topics  aptiear  several  times  in  different 
(Japers,  tfierefore,  the  last  ones  sctem  to  be  the  most 
important  ones  as  they  contain  the  abstract  cd  all 
results  found  before.  Some  of  the  author's  methrjds 
fiave  become  standard  mettiods  for  the;  investioation 
of  nonlinear  systems. 

K.  Maejnus,  Gc'rmany 
Courtesy  of  A(i()lied  Men  hanics  Reviews 
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NOISE  AND  NOISE  CONTROL 
VOLUME  I 

M.J  . C.rooker  and  A.J.  Price 

CHC  Press,  Inc.,  Clt.'velatrcl,  Ohfo  1975 


This  rs  cinothur  in  the  s(wte  of  twndbooks  on  noise 
control  that  has  aptreared  in  the  last  several  years. 
As  a trtai  tM  al  tror^k,  however,  this  is  one  of  the  better 
ones,  for  it  is  rom()act,  clearly  written,  cotriously 
referenred,  well  indexrrd,  and  written  by  arrthors 
with  backgrounds  errcorrrpassinq  restrarch,  consulting, 
anti  tiedagogy 

There  arr;  fivr;  major  chapters 


1. 

Some  Fundamentals  of  Sound  and  Vibration 

II. 

Human  Hearing  and  Subjective 
to  Sound 

Res[)onse 

III. 

Instrumentation  for  Sound  and 
Measurement 

Vibration 

IV 

Acoustics  of  Enclosures 

V 

Architectural  Acoustics 

The  treatment  is  modern,  and  at  a level  that  rrtquires 
knowledge  of  some  matfiematics,  although  the  book 
is  riot  at  the  level  of  difficulty  of  Boranek's  volume. 


One  flaw  Itiat  riisturbad  this  reviewer  is  tire  tnratrnent 
of  response  to  vibration.  Work  of  Miwa  and  Diek- 
mann  on  subjective  resiionse  is  not  rnentionr.tJ,  the 
Reihor  Meister  criteria  of  1931  are  ijiven  instrrad. 
Only  one  report  on  building  damage  is  referenced, 
and  no  mention  is  made,  for  example,  of  extensive 
tests  of  the  U.S.  Bureau  of  Mines  or  of  work  in 
England  anti  Canada. 

On  the  whole,  however,  given  that  "Noise  control 

is  not  easy  and  there  are  no  magic  answers " this 

book  provides  substantial  usrrful  information  for  the 
practitioner 

Clive  L.  Dym 
Senior  Scientist 
Bolt  Beranek  and  Newman  Inc, 
50  Moulton  Street 
Cambridrje,  MA  02138 
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NEWS  BRIEFS 


CALL  LOR  PAPERS 
F ifth  World  Congress  on  the  Theory 
ot  Machines  and  Mechanisms 

111.  I itti-  World  Coniiiess  of  the  International  Fed- 
• r. 111. 'll  to-  Ttii'ory  of  Machines  and  Muctianisms 
III  loMM'  will  he  Held  in  Montreal,  Canada,  on 
Inly  8 1 ■ l‘)79 

File  to|)ii  s covered  will  include  kinurriatic  analysis 
and  synlfii'Sis.  rfynamics  i>f  machines  and  miK;tian- 
isrns.  i|eaiini|  and  transmissions,  tueventive  main 
tenanie  and  reliafiility  control,  rotor -riynarnics, 
vitriations  anu  noise  iri  rnacliinos,  hiomechanisrns, 
lei.linoloi|v  transfer,  robots,  manittiilators  and  nian- 
rriai  tiirii  systcens,  conuiuter  aidc'd  desi(|n  and  op- 
ti'i  I.  at u ir'  (ini;iitnatii-S,  hydraulics  and  electro- 
ilynami.  s,  industrial  a|i[)lications  lor  S[)ecial  mactiinos 
,11111  iiiertianisrns,  experimental  and  teaidtinrj  methods. 

f’apiTs  are  iriviteri  on  subjects  of  t tie  above  fields  and 
rei,iterl  areas  For  further  information,  contact 

Ifr  M (TM  Osman,  Conference  Chairman 
t iflli  World  Conriresson  Flieory  of  Machines 
and  Mechanisms 

[lept  of  Mei.li.  Lriiirg  , Concordia  University 
14br>  de  Maisonneuve  Blvd  West 
Montriral,  (Jiiehec,  Canada  U3G  1 M8 

INTER  NOISE  78  TO  BE  HELD  IN 
SAN  FRANCISCO 

f-xti'  I r.iri'  IV  I)  IS  ttie  sit'  of  IN  Ff  R NOISE  78,  ttie 
"vveritfi  Inti  rnational  Conference  on  Noise  Control 
1 e jinei nii'i.  to  he  tiel'l  oil  May  8 10,  1078 

1 1'  .inninn  f ir  Noisr*  Control''  IS  the  ttieiiie  lot  the 
'ont'iiiiii  I "iphasis  will  he  on  findinr)  praitiial 
viliitioii-,  to  till-  most  irii|iortant  iirohlenis  of  noisr' 
loiiti'il  I 'll  re  will  he  sessions  rfevoteif  to  industrial 
rio'S'  , tiauMiori.itiiiri  noisr,'  anil  eiivironmeiital  noise 
In  .Kldition  to  ttie  INFtRNOISl  Fxtiibitioii  at 
will'  ti  till'  l.iti'St  noise  i:ontrcl  (iiodiicts  will  be  itis- 
(ilayrd,  | .ii"is  will  lie  ijiven  on  noisr,'  misjsurement , 
■ inalysis  anil  iiislrurneiit.llion  A series  ot  Oistin 
'loistieil  Li'i  tores  on  v.irioiis  .isjietts  of  "Uesiijnini) 
for  Noiv  Control"  will  hi'  i|iven  by  ii'coiim/erl  an 


news  on  current 
and  Future  Shock  and 
Vibration  activities  and  events 

tlioritiirs  in  tlie  field.  Durinrj  the  evenimj  Noise 
Clinii  s,  I'articipants  may  discuss  (irobli'uisof  (lartico 
lar  interi'st  with  others  involved  in  similar  iiroblems. 
Frjr  more  information,  contact 

Conference  Secretariat  INTER-NOISE  78 
P.  O.  Box  3469,  Arlinrjton  Branch 
Pouijhkeepsie,  NY  12603 
(914)  462-6719 

CALL  FOR  PAPERS 

Eighth  U S.  National  Congress  of  Applied  Mechanics 

The  U S.  National  Committee  on  Thoorotical  and 
Aptilied  Mechanii.s  announces  a t.aH  for  (lajiers 
on  all  fields  of  mectianics  • fluid  mechanics,  solid 
mechanics,  mechanics  of  tiorous  media  and  dy 
nariiics  for  their  F iglith  U S.  National  Congress  of 
Aiiplit'd  Mectianics  to  be  held  June  26  30,  1978 

at  the  University  of  California,  Los  Antjeles  For 
details,  contact 

Professor  Julian  D.  Cole 
MetJianics  and  Structures  Depart"'ent 
School  of  Engineering  and  Aiiphed  Science 
University  of  California 
Los  Angeles,  CA  9002'! 


RELIABILITY  QUALITY  CONTROL 
SEMINAR 

The  p'litfi  seminar  on  Reliability  Quality  Control, 
sponsorerl  by  the  Society  of  Reliability  Fngirieers 
(SRt)  and  Ameriian  Society  for  Quality  Control 
(ASOC),  will  tie  field  on  Satur  lay,  Qi  tober  22.  1977. 
at  the  Niagara  Hilton,  Niagara  Falls,  New  York 
F rit  more  information,  i ontact 

Mr  Vincent  R Daniels 
SRF  Ctiairrnari  197  7 
Bell  Aeros(iace  Div  of  Textron  liu  . 

P O IFox  One 
Buffalo,  New  York  14240 
(716)  297  1000  ext  38b 
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SHORT  COURSES 


AUGUST 

sk;n  \i.  i*k()ci-.ssin(;  stkms 

D.itf>s  Ai/ijust  29  2,  19// 

Pidte  VVdshitKjton,  U.C 

Oiiji’ctivt'  This  course  is  ii«si()ned  for  sysfeins  ari>i 
lysts,  emiirieers,  rndnai|ers,  anri  others  wfio  ni'ed  d 
better  uni.ierstaiHlinij  of  ttie  developinii  teiTinoloijy 
of  sictnal  tirou-ssors  Tfie  tiresttntdtion  will  cover 
(irintitiles  anif  current  terhniques,  iiuTudiiK)  intro- 
diiitory  ni.iteridl  concernini]  digital  computer  sys 
terns,  state-i.rf  thenrt  information  on  the  digital  lo(|ic 
devices,  and  modern  design  tectini()ur*s  used  in  Signal 
(irocessini)  Tfie  iirinuiiles  and  tecfiniquc's  will  be 
(jresr.'rited  so  tfiaf  purtiuiidnts  witfiout  C'xtensive 
exiierience  in  iridthematics  may  gam  a solid  under 
starirfiny  of  Signal  processing  systems 

Contact  Continuing  t iigineering  [ ducation,  George 
Wasfiinijton  University,  Washincjton,  D.C  20052 


SEPTEMBER 


HMTK  ELEMENT  MODEI.IV;  S^OKKSHOP 

it'-s  S«'l'temt)er  29  and  iTO,  19/7 
Plai  O'Uare  Hilton  Hotel,  Cnicago,  Illinois 

Otgr.’ttivrr  Uie  (irogram  for  this  Vifiration  Insti 
lute  stx insrjred  workshoti  includes  lectures,  demon 
•.tratirjris,  and  prrjblem  sr>lving  sessions  on  Ute  use 
uf  *init>‘  element  or lentecf  com[)uler  codes  to  solve 
engineering  (iroblems  t mphasis  will  be  on  model 
ing  hardware  to  obtain  ttiermal,  strr;ss,  and  vibration 
data  ( xisling  congiuter  ccjdes  NAS  f HAN,  ANSYS, 
and  SAP  will  lie  used  Tfie  inirpose  trf  ties  work 
shofi  IS  to  lear.ti  general  (iur()(jsiM  rmipiiter  uxies  to 
solve  engineering  protilems,  t ai.ti  (larlicipant  will 
tiave  tfie  cj(iiiortumty  to  run  a (iroblem  on  a remote 
terminal  siluateij  in  the  r.lassroom. 

Con’act  Viftratirjn  Institute,  101  W.  bbtfi  St  , 
Clao  ridon  Hills,  IL  tiObl 4 (31 2)b‘‘>4  2254/054  2053 


OCTOBER 

NOISE  CONTKOI. 

Oates  0(.toberl3  15,197/ 

Place  Hamilton,  Virginia 

Objective  An  intensive  short  course  on  noisr;  control 
will  be  presented  inmiediately  prrtceeding  NOISE - 
CON  //,  tfie  1977  National  Conference  on  Noise 
Control  Enineering  The  presentations  will  cover 
fundamentals  of  acoustics  and  noise  control,  dr.'sign 
of  far  ilities  for  noise  control,  noise  measurements 
and  data  reduction,  and  ar.oustii.al  staniJards  usr;d  in 
noise  measurements. 

Contact  NOISE-CON  77  Conference  Secretariat, 
P.O.  Box  3469,  Arlington  Brand),  Poughkeepsie, 
NY  12603  (914)462  6719 


NOVEMBER 

MACHINERY  VlimATION 

Dates  November  8 10,  1977 

Place  Cherry  Hill,  New  .Jersey 

(Jb|er  tive,  1 er.tures  and  demonstrations  on  rotor 
dynamics  and  torsional  vibration  have  been  scheduled 
for  tins  serr’inar  General  sessions  on  (he  oftening  day 
are  intended  to  serve  as  a ntview  of  the  technology, 
included  are  the  concepts  of  critical  speeds,  reso- 
nances, and  stability  of  machines,  tfie  finite  element 
method,  and  rotor  dynamic  measurements.  Double 
strssions  on  rotor  dynamics  and  torsional  vibrations 
will  be  held  on  tfie  second  and  thinf  days.  1 he  follow 
ing  topics  an;  included  in  the  rotor  (fynamics  ses- 
sions hearing  (antifriction  and  fluirf  him)  dynamics, 
rotor  dynamic;  calculations,  rlynamics  of  founrfations, 
application  of  large  cominiter  (irogiams  for  structural 
vibration  analysis,  modern  balancing  tectinirtrjes  and 
aigtlications,  and  solutirrns  to  industri.rl  balancing 
[iroblr-ms  Hte  sessions  on  torsional  vitiiation  frrature 
fundamtrntals,  moileling  measurement  and  data  anal 
ysis,  srrlf  exi  itr>d  vibrations,  isolation  and  dangling, 
transient  aiiiilysis,  a id  rlesign  of  mai  hint!  systems 
Particgiants  will  be  .rtrlt!  to  attend  ler  turi’S  in  tfie 
area  comrriensuiati.' with  tfieir  interests 

Contai  t Vitiration  Institute,  101  W 55th  St,, 
Clarendon  Hills,  IL  60514  (312)654  22‘i4/654  2053 
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W t\  I KOI)r<  TION  TO  \ IHK  A'l  ION 
\M>  SIIO(  K SI  l{\  l\ AHII.n  ^ , MK\Sl  KKMKNT, 
\N  \IA  SIS.  ( Al.lltR  M ION  AM)  TKSTINI, 

. !.it' s N'  ivi'mlii'r  / 11  , If)  / 7 

I’l.i' I'  U’.istiitiiilon,  I ) C 

livi’  Dus  lonrsi;  is  iMt'‘iul''it  to  (itoviili'  J Iwsn 
I'Ooi  .iliori  III  ll•Sl)n,l^l' I'  .iiiil  li.iqilitv  Iviiliii'i.lhllily) 

llh^■lHUMl'n.l,  III  vil’iiiliiiii  ,mil  slioi  k I'nvironiiiiMitiil 
'niMSon-"ii'nt  .111(1  .m.ilysis,  .ilso  111  viijration  and 
slio' k tcstaii]  to  I'oiv  ri'liatiility  lliis  siimmar  will 
lii’iictit  (|nality  and  rnlialiility  tmi soriiu.'l , ti.'St  lalioi 
atory  manai|nis,  nnitincnrs  and  aidi'S,  ('lant  cnqlni'crs 
and  maintaiiaiu  n su))i-rvisors,  pac  kai]in(]  and  transi'or 
lation  onijini-iis.  mnn  in  Ciovnrnin<int  and  military 
ai  tivitms  atid  ttinii  uintiactors  rtinrc  an;  no  (Infinite 
tjrere(|iii5ites  for  tfiis  course 

Contact  Instill  Institute  of  lei  tinoloqy , Inc., 
22  E Los  Olivos  St  , Santa  Barliara.  CA  9310b 
1805)  9))3  1124 


(ilHS  I SKRS  WORKSMIP 

Dates  Octofter  31  November  4,  1977 
Place  Ttir>  University  of  Arizona,  Tucson 
<)b)e..tive  To  introduce  tfie  users  to  tfie  GIF  IS 
System  and  [irovirte  them  witti  adequate  ex|ierience 
witti  an  undirrstandinij  of  tfie  (iroyram.  Tire  GIFTS 
I'loiirani  IS  a i ollection  of  [troijiam  modules  desiqiutd 
to  handle  finite  element  comimtations  in  an  aiito- 
"■ated,  ()ra()hicdlly  (jriented  fashion  The  [iroorams 
run  in  a small  (.me  space  on  niany  mini  computers 
and  time  stiaririii  systems.  The  proqrarn  laiialtili 
ties  include  automatii  moifel  and  Inati  qenetation, 
result  display,  static  and  dynamic  analysis  indiidinq 
siibstriicturinq  It  is  ex|iected  tftat  additional  modules 
will  b<-'  availabli!  for  solid  analysis  and  liisplay,  as 
well  as  axisymmetric  soliif  analysis  unrfer  arbitrary 
!■  'adinq 

Contact  File  University  of  Arizona,  Special  Pro 
fessiorial  Education  Colleiji;  of  f nqrq  , Tucson,  A/ 
85721  (602)884-3054/884  1755 


THK  l.rril  AN.M'AI,  RKI.IAHII.H  Y 
KNGINKKKING  AM)  MANAGKMKNT  INSTITIITK 

Dates  November  14  18.  197/ 

Plai.e  lur  son,  Ai izona 

Olqeitive  This  seminar,  iJiesenterf  by  tfie  Univer 
sity  of  Arizrjna,  Colleqe  of  I nijiiirjerinq  and  Honey 
well  Inloimation  Systems,  Ari/tzna  Com[uiter  0|>er 
ations,  Plioenix,  is  ditsiqiiitd  to  cover  the  follow 
itt(|  suf)|ects  Rftliatrility  f nqineerinq  Thitory  and 
Piactice,  Comiionent,  F(]ui(imenf  and  System  Reli 
afjility  Prediction,  Heliafrility  Testinq  and  Demon 
stration,  Maintitinafrility  Enqineerinq  ftieory  and 

Practice,  Safety,  Liability,  and  Relialtility  and  Main- 
tainability Manarjement, 

Contact  Dr  Dimitri  Kececioqlu,  Aerosi>ar;e  and 

Mr.'i  ftanical  tTiqrq.  Dept.,  University  of  Arizona, 
RIdq  16,  Tucson,  Arizona  85721  (602)  884  2495/ 
884-3901/884  3054. 


ACOl  STICAI,  MODKLING  WORKSHOP  IV 

Dates  Novemlrer  14  18,  1977 
Place  MIT,  Cambridtje,  Massacfuisetts 
Obiectivo.  Participants  will  build  ttieir  own  models, 
take  and  interpret  data  to  solve  complex  acoustic 
(iropayation  [iioblems.  Sessions  will  consider  apirli 
cations  of  data  to  onvirirnmental  noisit  firediction, 
evaluation  of  noise  contiol  iiutasures,  and  site  selec- 
tion for  buildinqs,  roadways  and  quidways.  Soirie  sub 
lects  covered  include  sound  speed,  frequency  and 
qeometric  scalini),  air  al)sorf>ti(tn,  surface  reflectivity, 
inqrulsive  and  continu(.)us  siynals,  s()atial  distribution 
of  sources,  interior  and  exterioi  noisit  situations  and 
their  charai.teristics,  (dfect  of  liarriers  and  abst-trbers 
in  control  of  noise,  control  of  reverberation,  antf  the 
use  of  data  in  ditsiqn 

Contaid  Ms.  M.  Toscano,  Rm.  3-366,  Acoustical 
Mo(felini)  Workshop  IV,  Massachusetts  Institute  of 
Teclinoloqy , Ciimbi  idqe,  MA  02139 
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REVIEWS  OF  MEETINGS 


INSTi  ri  TK,  01  K\\  ll{()NMKNT M,  SCIKNCKS 
\iiimal  TiH'liiiical 
\piil  2r>-27,  1977 
l,os  \ii!><‘l<-s.  (ialiloriiia 


Thf  tiifine  of  this  niocting  wrfs  "b  nvironmental 
Tt.'clinoloqy  '77"  In  kontunij  vvith  tht;  lES  mission 
thn  inon'  ttiiin  sixty  snssions  covered  essentially  all 
teLltnual  an'as  within  the  environmental  sciences. 
The  energy  iitol  '“in  was  eni|ihasi/ed  in  a challarujiny 
.ind  thomtht  provokini)  address  at  the  Awards  Ban 
(inet,  "LNfHGY  CRISIS  Alternate  Solutions  by 
1982",  qiven  l)V  the  eminent  Dr.  Edward  Teller 
Tire  areas  of  Ti;st  and  Evaluation  and  Reliability 
eontinue  to  receive  ' onsiderable  attention  as  tytufied 
by  two  outst.iiHiing  keynote  aifdresses, 

Lt  General  Walter  E.  Lot/,  Jr  , USA  (Ret  ) Kickoff 
Keynote  S|)eakar  for  the  2Srd  Annual  Ter.hnical 
Meeting  and  f (niinrnent  Ex()OSition  Ijcydn  Iho  syrn- 
posiiiiii  with  the  kind  of  tiresentation  which  re- 
flei  ts  tfie  enthusiasm  and  vnjoi  of  the  new  lES.  He 
(irepared  the  way  tor  the  i.o-s()»'aker  anil  set  tire 
theme  for  the  meeting.  The  inessai)'e  was  to  ttie  point 
and  laid  the  DoD's  position  in  R^iE  and  Test  and 
Evaluation  out  in  a very  fortfiright  and  Homanistic 
.ippro.tih.  As  the  to|)  D<'|iartrnent  of  Di.Tense  Official 
in  Tf^iE  he  very  ef li'i.tively  and  auttioritatively  out 
lined  the  interfaie  (letweirn  the  Gov*‘rninent  and 
Iridustry  His  a()pro<ii  h was  basic  and  realistic  He 
toiiibined  tire  airalytii^al,  practKal,  and  testing  phases 
of  wi-aiion  systi.'ins  develo()irient,  Ai.cept.rnce  proie- 
diires  ier|iiireil  tor  i.ertifn  ation  ainl  final  proiluction 
wre  disr  iissed  His  niairr  thrust  to  the  audience  was 
that  a system  must  not  oirly  pass  ttie  iiijor  of  testing 
but  must  be  ofierationally  useable  in  the  field  over  its 
projei  ted  lifetime  witli  a mininium  cost  and  down 
time. 

C'rlonel  Ben  H Swett,  USAT.  larrier)  General  Lot/'s 
opening  theme  into  greater  detail , relating  the  overall 
test  and  evaluation  tiroaiss  to  |iei formani.<‘,  reliabil- 
ity. maintaiiiatjility  <ind  environmental  considera 
tions.  He  emph.isi/ed  ttie  need  for  and  value  of  the 
"Tb  Sr  ( IX  If.ST"  a|i(irodch  to  engineering  develof) 
irient  Colonel  Swett  introduced  some  of  tfie  c:oni;e()ts 
nil  luded  m a new  DoD  direr.tive  fjOOOX  wtm.tr 
stress«‘s  "tiurii  in"  and  independent  testing  and 
evaluation 


Under  tire  general  subject  of  Reliability  there  were  a 
total  of  seven  sessions  illustrating  significant  (iroyress 
in  areas  such  as  specif  ii  ations  and  standards,  metiiod- 
ology  and  test  equipment.  The  success  trere  is  due 
largely  to  notable  IFS  efforts  under  ttie  leadership 
of  R.N.  Hancock  and  Stan  Baber. 

The  program  on  Dynamics  contained  four  sessions 
with  scheduled  teclinical  tra()ers,  a iianel  session  on 
cominiter  controlled  environmental  testing,  and  a 
Stiow  and  Tell  sitssion  involving  the  presentation  of 
stiort  pallets  that  will  not  be  published.  Ttie  teclinical 
papers  covered  a variety  of  sub|ects  such  as  solution 
of  special  vibiation  problems,  response  of  structures 
to  ovcvfiressure,  prediction  of  noise  and  viliration  in 
tielicopters,  lesponse  to  aerjustic  loadings,  and  vilira 
tion  and  acoustii  testinij  meititids  and  lectmictuos. 
Ttie  papers  were  well  received  and  useful.  Tfiose 
appearing  in  the  ITS  Piticeeding  will  be  atistracted 
in  a future  issue  of  tliis  DIGEST 

Ttie  panel  session  on  Computer  Controlled  b nviron 
mental  Testing  was  reported  to  tie  well  attended  and 
extremely  useful.  Thu  moderator  was  Phil  Cliapman 
of  JPL  who  tiad  previously  received  ttie  Vigness 
Award  for  tiis  work  in  ttiis  area  The  Stiow  .irid  Tell 
session,  p.itterned  after  similar  efforts  at  Stiock  and 
Viliration  Symposia,  was  somewliat  short  on  speakers 
but  was  consideri.Ml  to  tie  an  initial  success.  More 
sessions  of  this  type  are  to  be  expected  at  future 
ITS  meetings. 

Congratulations  are  in  order  tor  fTicliard  I Baker, 
General  Cliairman,  Stanley  Baber,  Technical  Program 
Ctiairman,  and  other  mumtiers  of  the  1977  Annual 
lb  S Meeting  Management  Committee  for  ,i  very 
successful  elfoit 

H.C  P. 

Note  Spei  lal  tlianks  to  liederii  k W Ruscli,  Rock 
well  International  for  assistance  witli  tills  review. 
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ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 


77  I ur> 

Delrmiinal^m  of  Kae«‘ii\aliM*s  of  l.arg**  Slnutural 
Sysl4*iiiK  III  an  Ariiil.-arilv  Six^’ifMMl  Kaiigi* 

M K Kciul 

[ l)S  Nik  loiJr  Irw  . Sdf»  f ist-O,  CA.  |r)tl  .1  Num«»r 
\ fi.ir  n.  OP  8t)/«/4  (19//I  ? ti(js,  2 lefs 

Key  Words  t tqerwaiue  p- <)t>lems 

For  a large  structurat  sysfem  of  small  liandw*dth  a technu^ue 
comt>inir»q  linear  interpolation  on  the  characteristic  |>olv- 
normal  arxl  su(>pression  of  its  previously  determined  roots 
by  deflation  can  fie  user!  to  determine  its  eigenvalues  The 
eigenvalues,  however,  have  to  be  found  in  order,  beginning 
from  either  the  lowest  {or  the  highest)  to  of>ta»n  monotonic 
convergence  to  the  polynomial  roots.  A method  which 
elimir>ates  this  restriction  is  presented  in  this  t>aper  Some 
conser)uerKes  of  the  procedure  developed  in  this  pa(>er  are 
also  presented  and  it  is  shown  that  the  starxfard  deflation 
technifjue  is  a special  case  of  this  procerJure  The  method 
has  been  ai>plied  to  a witfe  range  of  problems  with  success 
and  consideratjle  saving  in  computation  time. 


77 Iil6 

\ Study  on  the  Koreed  Vihratioiis  of  a ('.law  of 
Nonlinear  SysttniiH,  with  Applk*ati<»n  to  the  Duffing 
l'k|ualion.  Part  II:  Nuiiieriral  Treatiiient 

Ridanti 

Istiluto  «li  M<*c(^ini(;a  Hd/ionaltj.  Polilucnico  (ii 
ronno,  V}  (21,  pp  81  {:J8  (Jutu;  19/6) 

9 fitjs,  2 tdhios.  10  rofs 

Key  Words.  Forced  vil>ration,  Ouffings  differential  equations 

Numefcat  results  on  the  wave  form,  the  ampfitude  arrd  the 
phase  of  the  steady  state  sofutions  of  the  Duffing  equation 
are  obtained  in  this  f>aper.  The  steady  state  vibrations  are 
studied  by  a procedure  of  direct  numerical  integration  based 
on  the  Runge-Kutta  method,  by  calculating  the  approximate 
solution  of  the  equation  whch  is  ohtainetf.  as  a particular 
case  from  the  theory  develrjfjeri  in  Part  I.  The  results  ob* 
tair>ed  fnf  the  two  methods  are  com(>ared  and  tested  by  the 
results  of  other  authors.  From  the  comparisons  it  afipears 
that  the  theory  of  Part  I gives  satisfactory  results  also  m the 
cases  of  strong  rK>nlir>earity  of  the  system 


NUMERICAL  ANALYSIS 
iaiso'-hN,  m;ii 


771  il7 

Aiiaiy.six  and  l)«*Hign  of  Niiiiif^riral  liit<*gratioii  Mrlli- 
od.H  in  StriM'lural  Dynainics 

H M Hilb.'r 

f aflli(|u.jl'  I*  I iu)r»)  f»  C**nti‘r.  Unu.  of  C^iifor 

nt.i,  Hcrki.'loy,  CA,  Ropi  No  [ { HC  /6  29,  102  pp 
(Nov  19/6) 

PB2ti4  410 

Key  Words  Earthquake  resistant  structures.  Mathematical 
models,  Numerical  analysis 

The  obiective  of  this  work  was  to  develop  one-step  methotjs 
for  the  integration  of  the  equations  of  structural  dynamics 
which  are  (A)  unconditionally  stable,  (B)  have  an  order  of 
accuracy  not  less  than  two,  and  (C)  possess  numerical  dissipa 
tion  which  can  be  controlled  by  a parameter  other  than  t*^  l 
time  step  size.  In  particular,  no  numerical  dissipatton  must 
be  included.  Four  new  families  of  algorithms  ore  discusse«1 
from  this  point  of  view,  and  compared  with  algorithms,  such 
as  the  Newmark.  Wilson  and  Houbolt  methods,  which  are 
commonly  used  m structural  dynamics  arxl  do  not  achieve 
these  requirements. 


STATISTICAL  METHODS 

(St...’Nu  1^241 


MODELING 

(SiWiNos.  1422.  1423.  144?,  Mail 


PARAMETER  IDENTIFICATION 


77-1418 

lilciilifiralHiii  of  Vibrating  Sysfciiis  bj  (o-ckth' 
ModHIin^:  with  an  A|ipli<’atioii  to  KIuI(«t 

P..J.  Holmos  iKUt  D.A  Rdnd 

Inst  of  Soiinil  .ind  Vibration  Hcsn<ir<.h,  SotiUidin()ton 
Univ.,  UK.  H(i(it.  No,  ISVH  IH/?),  143  ()f)  (Nov 
197!)) 

S(Kins<ir<,‘()  by  ibo  .Sci  Hosrwfch  Council  and  Srxaal 
S<  1 Hcscarcb  Council 
N77  17bia 

Key  Words  Syslem  identification,  Ffuller 
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'he  Jim  of  this  pa|>er  is  to  indicate  ho^  recent  miithematical 
work  on  <|ualitatrve  dynamics  makes  tx)ssibfe  an  acccssiMe 
fiut  rK|orous  synthesis  of  the  intuitive,  theoretical,  and  em 
pirtcal  aspects  of  certain  cnqini>erir)g  proNems  This  leads  to 
a new.  arwf  iisatile  aptnoach  to  the  proMem  of  the  ideniifica 
tion  of  complex  (iyrumicc*l  systems  such  as  those  of  vibration 
enqineerir^g.  An  application  of  the  approach  to  aeroelastic 
flutter  IS  included  together  with  an  outlined  synthesis  of  the 
intuitive,  tumped  element,  continuum  mechanical  and 
experimental  aspects  of  this  problem.  The  onset  of  flutter 
arxl  drvergence  corresporKl  to  a bifurcation  in  the  govern- 
ir>g  dynamical  system.  In  the  preserxre  of  such  bifurcations, 
and  urnfer  reasonable  hypotheses,  center  manifold  theory 
can  be  used  to  reduce  the  complexity  of  the  problem. 


SURVEYS  AND  BIBLIOGRAPHIES 


77  1419 

Ki>tor-Kearin^  Dynamics:  Stalr-oMhc-Art  1976 

N f 

Dopt  ()l  Miv  h \ n<|frj  . Ho(;h<»st(?r  Institulo  of  Tr?<:h., 
Ifrx  fu.*s|rv,  NY.  Sf)or  k Vtb  Dig.,  9 (b),  pp  9 14 
(M.jy  19/7)  81  rots  ~ 

Key  Words  Reviews,  Rotor-t>earinq  systems.  Computer 
proqrams,  Ba'ancinq  techniques.  Stability,  Torsional  response 

This  (taper  reviews  recent  developments  in  rotor  dynamics 
and  torsional  dynamics  of  drive  trams.  The  followirtg  topics 
are  included  computer  programs,  Italancing  techniques, 
stafnlity,  and  torsional  dyrtamics  of  rotor  systems.  Attention 
IS  also  dr^n  to  a numfter  of  important  remaining  proftlems. 


77  1420 

lindenvatrr  Kluid-Slnirlurc  Inlcraclion.  Part  I: 
Inlnxlurlion  and  Scope 

I M Cfujf)  ,iMfJ  M f^iqriii.ci 

(ii;n*rr;il  DyfidinK;s  f Hoiit  Div  , (iroton.  Cl 

im:m.  Sftork  Vif)  Dig  , 91  (b),  pp  {Apr  19//) 

Key  Worrfs  ffeviews.  Interaction  fluid-structure 

f luid  structure  interactHtn  erx:ompasses  a broad  sftectrum 
of  technical  areas  of  interest  in  engirteerirtg  application. 
This  discussM>n  is  Ivnited  to  "urxferwater"  af>plications  and 
irxrludes  the  followir>q  tof)ics  sourKf  radiation  and  scatteririg, 
structural  vilwation  and  shock  response.  flow-irHfuced  r>oi$e. 
hydrorfy namic  diverger>ce  and  flutter,  fioundary  layer  STabil 
ity.  ar>d  pro|ieller  induced  forces.  The  common  thread 
linking  these  techrH>logies,  namely,  the  interaction  phenom 
enon.  is  stresserf  An  attempt  has  been  marie  to  darify  some 
of  the  terminoluqy  within  these  diverse  technical  areas 


77  1421 

llnderwaler  Miiid-Slnirlurr  Inleraction.  Pari  II; 
MfH*hanically-ApplH*d  Korceit 

t H Cfu;n  i»rul  M f^qmrei 

('i(‘rr»rdl  uynaniics  Div,  (irolon,  C\ 

OimO.  SUoiM  Vib  Dig  . 9 (b),  pp  1 / ?'A  (M.jy  19//) 
t>8  rnfs 

Key  Words'  Reviews,  Interaction  fluid-structure.  Ships, 
Shells 

Digital  computers  are  now  commonly  used  in  the  dynamic 
analyses  of  complex  structures  in  vacuo.  Several  jeneral- 
purpose  computer  programs  using  the  'inite-element  method 
are  available,  e.g.,  th-?  NASTRAN  codes  developed  by  the 
NASA  Lartgley  Research  Center.  Specialized  programs, 
such  as  the  BOSOR  code  developed  at  the  Lockhernf  Re- 
search Center  (which  is  applicaMe  for  axi-symmetric  shells 
irKludirvg  txanched  shell  capability)  have  irKreased  the 
computatiorval  efficiency  of  and  exparvded  the  use  of  com- 
puters in  practical  design  arxi  analysis.  This  capability  ha: 
now  been  extended  to  the  study  of  a structure  subjected 
to  one  or  more  periodic  forces  and  immersed  in  a stationary, 
inviscid-fluid  medium.  The  pioWem  is  represented  try  crea- 
tions (4)  to  (7).  (see  the  April  1977  issue  of  the  Shock  arxj 
Vibration  Digest.) 
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A Keview  of  Ship  Mull  V Jiralion.  Pari  I;  Malh<-niati- 
ral  Modrlg 

J ..I  Jnnsfin  arui  N I M.idscn 

l)(;pl  1)1  Oenun  I ni)r()  , Tho  Toduiicul  Umv  ol 
()(!tmiark,  ?8(X)  Lvmjbv.  Denmark,  Shoi  k Vih  Dk),. 
9(4),|)|)  18?2(A|ir  1977)  KlSrofs 

Key  Words:  Reviews,  Ship  hulls.  Ship  vibration,  Mathematr 
cal  models 

This  paper  is  a review  of  the  analytical  and  numerical  tools 
useil  to  calculate  hull  vibrations  Mathematical  Morlels  are 
descntied  in  the  lirst  pan  The  second  part  on  Modeling  ol 
Physical  Phenomena  contains  descriptions  of  mathematical 
models  ol  the  hull.  Numerical  determination  o(  the  e<|uanons 
ol  motion  is  discussed  in  the  third  part  - Method-  ol  Solu 
tion.  The  fourth  part.  Comparison  of  Beam  Models,  is  a 
review  of  methods  usetl  to  solve  the  equations  ol  motion, 
an  example  problem  illustrates  various  principles. 
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A Keview  of  Ship  Mull  Vibration.  Pari  M:  Mttdelinf' 
Phyxiral  Phenomena 

) ,)  Ji'nson  .imi  N 1 M.idsen 

D(!|iI  of  Ocoan  I nqrg.,  Iho  Tixhniial  Umv.  of 
Dcnmjirk  , 2800  I vngby,  Di;nm.tik,  Stiock  Viti  Dk)., 
9 (b),  |)|>  2!)  88  (Mar  1977)  3 ligs,  137  tofs 
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Key  Wor<ls  Reviews.  Ship  hulls.  Ship  vil)rij|ion,  Mathemati 
Cdl  mcxipls 

Formulations  of  the  equations  of  motion  were  descrifwd 
in  Part  I Mathenmtical  Motlels  (see  the  April  1977,  issue 
of  the  Shock  and  Vifrration  Diqest)  In  order  to  solve  these 
iHluations  a number  of  physical  quantities  that  describe  the 
ship  and  the  surrounding  water  must  be  determinerl  These 
c^uantities  include  hull  stiffness,  hull  mass  and  virtual  added 
mass  of  water,  exciting  forces,  and  damping.  The  accuracy 
to  which  these  rjuanfities  must  f>e  known  depemJs  on  the 
complexity  of  the  mathematical  model  and  the  distributions 
of  the  physical  (luantities.  The  value  of  some  quantities 
depends  on  the  frequency  and  mode  of  vibration. 
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Daiiipiii”  (.aparitv  of  Stnictiiral  Materials 

.1  M Rqr.  fi.lk 

t V>i' P*'StMrr  h Conier,  B.iticof  k Wilcox, 

Lyntfiliurq,  VA  24B0f).  Shock  Vil)  9 l^). 

(Apr  19771  2 fiqs,  2 liililt's,  34  nds 

Key  Woofs  Reviews,  Material  damping 

Damping  devices  are  frertuentfy  aifded  to  strucfures  to 
prevent  unwanted  vifirations.  Alternatively,  structural  mate- 
rials with  high  internal  friction  sometimes  provide  sufficient 
damping.  This  review  article  surveys  damping  mechanisms 
that  produce  significant  internal  friction  in  structural  mate- 
rials Damping  capacity  is  presented  as  a function  of  vibra- 
tional stress  amplitude  for  selecterf  materials  Data  from 
available  literature  are  used  to  compare  the  relative  dissipa- 
tion of  various  mechanisms  viscoelastic  relaxation,  disloca- 
tion motion,  two-phase  interface  slip,  and  magnetomechani 
cal  ifamping.  These  mechanisms  have  been  used  to  riKiuce 
ob|CCtional  vif)rations  in  automotive  rlisc  brakes  and  in 
turbine  bkides. 
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The  l>evelo|imeii(  and  Tesliiig  of  V ihralioii-Daiiiping 
Materials 

S iVl  Browfi 

Arfiisiroru)  Co  , l..inr<ist(‘r , PA,  S/V,  S^junH  Vib., 
V lA),  PI)  28  83  (Apt  1977)  12  figs,  8 rtds 

Key  Words  Vibration  rfamping.  Damping  materials.  Testing 
t€fchniriues,  Hrrviews 

The  stale-of  the-art  with  respwt  to  vibration  rJamping  mate- 
rials and  tests  is  discussed  from  the  point  or  view  of  a manu- 
facturer of  vibration  damfiing  treatments.  Past  and  present 
prorfuct  types  and  test  methrxJs  are  consideretf.  General 
avenues  for  future  product  requirements  and  future  tests 
are  indicated 
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\ir'(  iisliioii-Sii|>|>orlecl  V eliirle  Kan  1)>  naiiiir  Kr- 
spoiist*:  \ K<*\i<‘H  of  lh<‘  Literatiiir 

I)  [)  Mot. ill 

Pf’i  forriMfU  f;  , 1);ivk1  W.  f.iylor  Niivdl  Shif)  RfS. 
qnd  Cf.*ni(;r,  ButhosHa,  Mt)  , Hopt.  No.  SPD 
t)0‘)01 ,9Rp[)  (Junq  1976) 

AD  AO 39  907 790  A 

Key  Words:  Fans,  Surface  effect  machines.  Dynamic  re- 

sponse, Reviews 

The  mechanisms  which  constitute  the  dynamic  response  of 
air  cushion-supported  vehicle  lift  fans  sub/ected  to  unsteady 
excitation  arc  summarized  and  examinetf  through  a review 
of  research  as  reported  in  literature  published  between 
1932  and  1976 


MODAL  ANALYSIS  AND  SYNTHESIS 
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\|i|i(irii(i<iii.s  of  Modal  \nal\sis  Tiaiiaifiil 

Kvilalioii 

A.  MntKiiy  and  A C.  Dooqdn 

Noisu  jnd  Vib.  Sec.,  Sperial  Projfv  ts  Div.,  Nalioiidl 
( rKliMf'critK)  laboratory.  Noise  Control,  Vilj.  and 
lnsnl.,^(4),  pf.  120  125  (A|ir  1977)  8 tips 

Key  Words:  Modal  anaivsis.  Resonant  lre<|uency.  Mode 

shapes.  Transient  excitation 

This  paper  (tiscusses  a technique  which  can  Ite  used  to  deter- 
mine the  resonant  frerjuencies  and  mntie  shapes  of  a wide 
ranije  of  structures  and  components.  Input  forces  are  pro- 
vided by  a hantl-held  impact  device  and  the  advantaqes  of 
this  approach  over  conventional  shaker  rests  are  discussert. 
Two  applications  of  the  technique  are  described  and  in  one 
of  these  the  results  are  compared  with  results  from  double 
ttulse  hologratthy  tests. 
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Stiiixlrtirltire  ( .oii|)liti;;  for  Dvitoiiiic  \iiahsis  anil 

Tfsliiig 

R R Crait),  -It  and  C.  Ctianq 

Ii’xas  Univ  , Austin,  fX,  Rirpt.  No.  NASACR 
2/81,91  PP  (I  III)  197/) 

N77  17512 

Key  Words:  Component  mode  synthesis 
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Fixec<  mterfacp  .ind  frpp  intPr<«ice  methods  of  substructure 
coupimq  for  dvoamjc  analysis  are  discussed  Three  methods 
for  reriucinq  the  number  of  coordinates  requirerf  by  fixe<i 
iniprfacp  methods  are  introducerf  Matrix  ordinary  (Jifferen 
ttal  equations  are  employed  to  improve  accuracy  in  free 
interface  sufjstructurc  coupfing  methods. 


COMPUTER  PROGRAMS 


GENERAL 

(Also  see  Nos  1460.  14B3.  1502.  1503) 
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DKPKOP  - \ l)i;;ilal  Loiii|iiitrr  Proerajii  for  Pre- 
!)>naiiiM‘  Klasiir-Plastir  Kespotist*  of  Panels 
to  Blast  Loadings 

I .1  Mf*nto  dftd  W N Leo 

KdrtMn  AvKjyno,  F^urlington,  MA.,  R(,*|)l,  No.  KA-TF^- 
133,  AFATL-Tf^  76-71, 200  pp  (Juno  1976) 

AD  A03bf)44/4GA 

Key  Words.  Computer  programs,  Panels.  Blast  loads 

The  DEPROP  digital  computer  program  determines  the 
dynamic  elastic -plastic,  large  displacement  response  of 
cylindrical  and  flat  panels  to  arbitrary  blast  loadings.  The 
program  computes  strain,  stress,  displacement  and  boundary 
reaction  force  time  histories  for  linear  elastic  and  elastic- 
plastic  solution  options.  The  theoretical  formulation  and 
program  description  of  DEPROP  are  presented  in  the  form 
of  a User's  Manual. 
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Note  on  Bir  U sinitiiir  Bin  klinv  of  KlaMlo-Plastk' 
Stnntiirr** 

V Fii'fnii4 

vVr.'iiilmui'f  Asso'  NY  ‘j8  pp  {0<  t 1076)) 

AD  A03‘)  '■tt4/f)CiA 

Key  Wf>rds  Dynamic  structural  analysis,  Etastopiastic 
properties.  Computer  proijrams  Submerged  structures 

This  note  ^^eviews  several  iof>ics  relattHl  to  the  analysis  o1 
dynamic  buckling  anrf  |x)st-t)uckl<ng  ix'havio'’  * f elasto- 
plastic  structures  It  is  aime<f  at  provdmq  a tiackx,  ound  for 
a dynamic  elastic  plastic  structural  analysis  code  that  is 
being  devetoperi  to  study  the  (fynarmc  fiuckting  anif  post- 


buckhnq  behavior  of  submerged  structures  under  transient 
pressure  loadings. 
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Static  and  Dynaiiiic  Bnrkliiig  of  Sliallow  Spherical 
Sliell>4  Subjcclcd  lo  Axisyniiiietric  and  Nearly  ,\xi- 
s\miiictric  Step-Pressure  Loads  I'siiig  SATA.\S-II.\, 
A NLidified  V ersion  ofSATANS-II 

M.D  SFiun 

Ndval  PustqfaduHte  School,  Monteroy,  CA,,  168  pp 
(Dec  1976) 

AD-A035  911/7GA 

Key  Words.  Spherical  shells,  Dynamic  buckling.  Computer 
programs 

A digital  computer  program  for  the  geometrically  nonlinear 
analysis  of  totally  arbitrarily  loaded  shells  of  revolution 
(SATANS-2)  was  modified  to  more  accurately  account  for 
the  conditions  at  the  pole  of  the  shell.  This  program  was 
i sed  to  determine  the  buckling  load  of  shallow  spherical 
shells  of  various  sl^es  when  subjected  to  static  axisymmetric, 
dynamic  axisymmetric,  and  dynamic  nearly  axisymmetric 
step-pressure  loads  of  infinite  duration.  A comparison  was 
made  between  the  new  buckling  results  and  previous  results 
obtained  without  the  new  pole  routine.  The  comparison 
revealeri  a significant  change  :n  the  buckling  piessures.  due 
solely  to  the  change  in  the  pole  routine.  The  new  static 
axisymmetric.  dynamic  axisymmetric,  and  wen  the  dynamic 
asymmetric  critical  buckling  pressure  loads  appear  to  be 
fairly  reliable  results  for  perfect.  shiKow  shells. 
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DAMPING 

(Also  sec  Nos.  1424,  1426,  1460.  14611 


77-U32 

On  Jhe  Damping  DrcretnenJ  for  Non-l.im-ar  Osrilla- 
tions 

M L Hasnuissen 

Aerospace  Mech  and  Nuclear  E nyrg  , Univ.  of  Okla 
homa,  Norman,  OK  730fj0,  Inti  J Nonlinear  Mech,, 
^(2),pp  81  90  (1977)  3 figs,  10  refs 

Key  Words  Damping  coefficients 

The  logarithmic  damping  decrement  is  obtained  as  a function 
of  arbitrary  non  linear  restoring  forces  and  arbitrary,  but 
small,  non-'inear  damping  forces.  General  expressions  are 
obtained  lor  both  amplitude-dependent  and  speed-dependent 
damping.  The  special  case  of  a cubic  restoring  force  with 
quadratic  amplitude-depenr<-int  damping  and  the  special 
case  of  a cubic  restoring  force  with  quadratic  speed-depen- 
dent  damping  are  considered  in  detail.  The  results  of  the 
analysis  suggest  how  experimental  data  can  be  utilized  to 
identify  and  evaluate  the  damping  parameters  for  a given 
non-linear  oscTlator. 
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All  AultmialHcJly  Driven  Torsion  Pendulum  for  the 
ronlinuoii.s  Measurement  of  Amplitude  and  Ampli- 
tude-Independent Damping 

H Bartrrvl  and  D.H  G Williams 
Chemical  f fi(|f((  Defit  . Univ  of  Arlelaide,  Adc'laide, 
South  Australia  f>001 . J Pfiys  f; . (Sci.  Instr  ),  10 
(4),  (iji  410420  (Apr  1977)  j figs,  2 lahles,  9 rofs 

Key  Words  Pendulum,  Measurinn  instrument.  Damping 
coefftc  tents 

A driven  torsion  pernlutum  ts  described  which  is  capable  of 
directly  and  CTOtinuouMy  measuring  the  energy  loss  of 


materials  as  a function  of  the  amplitude  and  the  number  of 
repeated  cycles.  A high  tensile  stress  can  be  imposed  to 
enable  the  energy  loss  to  be  determined  at  various  points  on 
the  tensile  stress-strain  characteristic  of  the  material.  Because 
the  energy  loss  is  obtained  from  the  electrical  energy  re- 
quired to  maintain  oscillation  at  a set  amplitude,  the  damp- 
ing can  be  obtained  for  specimens  which  exhibit  amplitude- 
dependent  t>ehavior. 
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"The  Wear  of  Noii-Mrtallic  Materials"  3rd  lx«*ds- 
Lyoii  Symposium  on  Trifxtlogy 

U.f  . Wilcock 

MfK.hanicd)  T(;chna'ogy,  (nc.,  Laltiiio),  NY  12110, 
J.  L.ubric.  Tech.,  Trans.  ASML,  99  (2),  in>  H/  161 
(Apr  19/7)  4 fifjs.  36  refs 

Key  Words.  Wear.  Polymers,  Coulomb  friction 

The  1976  Symposium  is  reviewed.  This  is  the  third  sympo- 
sium in  a series  alternating  between  University  of  Leeds.  UK 
and  INSA  (Institute  Nationale  Scientifique  Applique).  Lyons, 
France.  Proceedings  may  be  purchased  from  either  institu- 
tion. In  the  keynote  address  Professor  D.  Tabor  of  Cambridge 
University  reviewed  some  experimental  eviderKe  on  the 
wear  mechanisms  of  polyethylene  and  other  polymers.  Main 
areas  covered  by  the  symposium  were;  the  wear  of  polymers, 
wear  of  biological  and  implant  materials,  dry  wear,  the  wear 
of  graphite,  fracture  and  filled  materials;  and  applications. 
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(AlsoseeNos.  1420.  1421.  1467.  14691 
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Liidt^rstaiidiii^  Klow-liidurtHl  Viliralioiis.  Part  II: 
Kluid/Slructure  ('.oiipliii^:  Desigti  ('.ttnsidrratMtnM 

M W.  Wtimhsqanss 

ArqoMne  National  Lab.,  Arqormc,  IL.,  S/V,  Sound 
Vib..  n (4).  |)p  18-21  lApr  1977)  4 tiqs,  11  rofs 

Key  Words:  Fluid-induced  excitation.  Interaction,  structure- 
fluid 

This  two-part  article  was  prepared  to  provide  some  general 
insight  into  fluid  forcing  and  the  associated  flow-induced 
vibration.  Two  classes  of  fluid  forces  are  identified.  In 
Part  I.  fluid  excitation  forces  forces  that  exist  independent 
of  structural  motion  ••  were  categorized  and  briefly  dis- 
cussed (Nov  1976,  S/V,  p 18).  In  this,  the  secorxf  part, 
fluid/structure  coupling  - forcing  that  requires  structural 
motion  - is  discussed  and  illustrated.  Recommendations  for 
designing  to  minimize  the  potential  for  detrimental  flow 
induced  vibration  are  also  presented. 


14 


;» 

I 


1 


THERMOELASTIC 

(Si»!Nu  m/3) 


EXPERIMENTATION 


Key  Words;  Diagnostic  techniques.  Optical  measuring  in 
struments,  Turtoine  blades 

The  principle  of  an  optical  measuring  instrument  developed 
in  the  author's  laboratory  for  thermal  machines  is  explained 
and  tests  reported  on.  This  system  is  adaptable,  makir>g  it 
universally  suitable  for  investigating  all  types  of  vibration 
in  rotating  blades. 
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BALANCING 

(Sin?  No  lh?9) 


DIAGNOSTICS 
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FraMbilily  of  KUw  Drlrctickn  in  Kailmad  Wheds 
I’liinf;  ArouMlir  Si^nalurm 

K Ndqv  ifnd  H 0 f im  h 

I rdns|H)rt<ition  SvsKmms  Conii^r . C^mf)rKJy«?.  MA. 

No  fX)J  ISC  f HA /fif-i,  f HA/()H()  /6/:^90, 
206  (0(1  19/(i) 

m 2i'yr?4H//i>A 

Key  Words  DiaqrK>ttic  techniques.  Acoustic  signatures. 
Wheels,  Hailroari  cars 

The  teasitHlity  study  on  the  use  of  acoustic  signatures  for 
detection  of  haiws  in  raifwiav  wrheels  was  conducted  with 
the  ultimate  obfectrve  of  devefopment  of  an  mtrack  device 
for  moving  cars  Oeterminatiom  of  the  natural  modes  of 
vifiraiinq  wheels  ursdei  various  conditions  are  reported. 
Differences  in  acousic  signatures  are  found  between  good 
acKf  cracked  wheels,  including  9>ectral  chartges  and  variations 
in  the  tene  decay  of  sound.  Various  sourxfs  occumrtg  in 
normal  railroad  practice,  mich  as  rolling  rKHse  on  welded  rait 
arsd  over  foinis  and  retarder  screech  were  investigated. 
Pattern  recognition  techniques  were  used  for  selecting  good 
and  bad  wheels  w*th  a computerized  processing  scheme. 
A laboratcKy  demomiration  system  has  been  constructed  and 
found  to  be  8b%  reliable  when  system  malfunctions  are 
discounted 
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HraMriad  Vibration  on  Tnrbinc  Bl.jd«8  by  Optical 
Mrana 

H Holh 

ttrown  ItovcMi  H«n/  , M,  ()p  (VI  6/  (.)an  1977)  '/  fiqs, 
;i  ffls 


INSTRUMENTATION 

(Also  SIX?  Nos  1441,  1‘jOb) 
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(Usnsiderations  KHatinj;  to  Inatrumentx  for  the 
Meamirenienl  of  l<;quivalenl  Continuous  Noise  Levels 
(LEO) 

H .f- . Norqan 

Com|)iitor  Engrg.  Ltd.,  Noise  Control,  Vib.  and 
lnsul.,8  (4).pp  127  1 30  (Apr  1977)  4 figs 

Key  Words:  Measuring  instruments.  Noise  measurement. 

Noise  meters 

The  first  acoustic  instrument  that  CEL  ever  produced  mas  a 
Noise  Average  Meter,  or  Leq  meter,  back  in  1972  and  since 
then  they  have  refined  the  techniques  involved  and  pro- 
duced a number  of  instruments  that  measure  Leq  or  its 
related  parameter  Noise  Dose.  Design  problems  ertcountered 
in  Leq  meters  and  basic  principles  of  Leq  are  described. 
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Meaaurenient  of  the  Koree-Tiine4{ehaviour  and 
the  Peak  Periods  of  Mechanical  Impacts  (Messunfr 
des  Kraft-Zeit- Verhaltens  und  der  Stosioieitcn  bci 
mechaniachcn  Stosaen) 

M.  Rauch  and  W.  Sitimidt 

Tech.  Hochschule  Karl  Marx  Stadt,  fast  Germany, 
Maschinentoutecfinik.  26  12),  pp  7b-77  (feb  1977) 
1 1 figs,  3 refs 
(In  German) 

Key  Words:  Measurirtg  instruments.  Impact  response 

A device  for  the  dynamic  measurement  of  force  caused  by 
an  impact  it  described.  The  data  receiver  it  beted  on  a force- 
dependent  resistance.  The  force-time  process  and  the  mea- 
surement of  irKfrviduaf  peak  periods  during  chatter  and  the 
time  between  impacts  it  presented.  Several  impact  force 
oscillogramt  and  measured  peak  periodt  indicate  application 
possibHitiet  of  the  described  procedure. 


45 


TECHNIQUES 
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( an  ( orrrlation  1 l)<‘  I mmI  lor  (h«*  Mrasiirt*- 

ol  \ Noisi*? 

I D i I'.iiiirnik  am)  C H.  Harpct 

D»‘('i  '■*  M*'*  f I , Un*v  'P  \^Vashifi|jtt)n,  StviUlf 
AA  Ii8l9b.  Nni»*  Cuntrol  t m)t  , B >1).  pp  lh2B 
M<if»/Frl)  19/7)  1.3  fKjS,  12  r^'fs 

Key  Words  Correlation  techniques.  Measurement  tech- 
niques. Noise  measurement.  Ground  vehicles 

The  applicability  of  correlation  techniques  to  the  practical 
problem  of  measuring  the  noise  level  of  a single  vehicle  on 
a busy  road  is  investigated.  Methodological  theory  is  de- 
veloper) for  the  case  of  a two-microphone  array,  and  an 
analysis  of  the  system  error  is  presented.  Data  from  con- 
trolled experiments  with  random  noise  sources  in  the  field 
indicate  that  the  method  works  well  on  noise  sources  with 
signatures  relatively  free  of  periodic  content,  if  high  speed, 
hard  wired  instruments  are  used,  the  technique  should  be 
capable  of  coping  with  vehicle  motion. 
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Pn  rjjrller  Mrcratt  Flyover  Noi«‘  resting 

J C SHrpvf-' 

WnlUitq  Div  , Cessna  Air- raft  Co,  SAF  Papor  No. 
/7f)44  8 pf),  2 8 ttihlf's 

Key  Words  Noise,  measurement.  Measurement  techniques. 
Measuring  instruments.  Aircraft  noise 

Flyover  noise  testing  of  propeller  aircraft  requires  specific 
instrumentation  and  test  procedures  to  comply  with  U.S. 
and  Foreign  regulations.  This  paper  presents  representative 
techniques  arxl  erjuipment  used  in  corxlucting  these  tests. 


77-1  ii2 

( liarart«*ri»tirH  of  an  XiK'choir  CliainlxT  for  Fan 

Noij***  Tf'.sliiig 

J A Wu/yniak  , 1.  M.  Shaw,  and  .J  D.  E ssary 
I i-wis  Rest.'arth  Center,  NASA,  Clovnland,  OH, 
Rr.-pt  No  NASA  rM  X 73bS5.  t 8993,  32  P|1  (19/7) 
SfK>n$or(?fi  by  the  Amqnean  Sot.iuty  of  Fmirs 

N/7  18188 

Key  Wf>ff)s  Testing  facilities,  Anechoic  chambers.  Fans, 
Noise  measurement 


Acoustical  and  mrjchanical  design  features  of  NASA  I f»wis 
Research  Center's  engine  fan  noise  facility  are  described 
Acoustic  evaluation  of  the  chamber,  which  is  lined  with  an 
array  of  stepped  werlges,  is  describee).  Results  from  the 
evaluation  in  terms  of  cut  off  frerjuency  anr)  non-anrichoic 
areas  near  the  wa/fs  are  detailed,  Fan  models  are  electrically' 
driven  to  20.600  rpm  in  either  the  inlet  mode  or  exhaust 
mode  to  facilitate  study  of  both  fore  and  aft  fan  noise. 
Inlet  noise  characteristics  of  the  first  fan  tested  are  discusser) 
and  compared  to  full  scale  levels.  Turbulence  properties  of 
the  inlet  flow  and  acoustic  results  are  compared  with  and 
without  a turbulence  reducing  screen  over  the  fan  inlet. 
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\iialog  Mrasumiieiit  T4'c-hiiM|ii<>:  Liiirar 
Displarcinnit  Tran.'^Jiiriiig  by  Means  of  a Nibrating 
Siring 

D.  Bouts  rif id  I h.  Cast 

Insut'it  f Moss-  und  Ro(jolun(|stot  tinik , FdchboreiUi 
10  (Votfafirenstodmik)..  Toi.fuiisrho  Umvf.'rsitdt.  Kur- 
furstOTxlaniin  195/196,  1000  Berlin  15,  Germany, 
Todin.  Messen.  4A  (4),  pp  125-130  (Apr  1977)  8 
firjs.  10  refs 
(In  Germari) 

Key  Words:  Measurement  techniques.  Vibration  measure- 

ment, Strings 

As  frequency  analog  signals  are  gaining  irrereasing  importance 
for  the  measurement  of  mechanical  parameters  in  process 
control,  the  design  of  a displacement  transducer  based  on 
a vibrating  string  will  be  explained.  The  measurement  ensues 
by  cross  shifting  one  clamping  place  of  a vibrating  string. 
The  characteristic  curve  is  a hyperbola  which  approaches  its 
asymptote  more  and  more  if  the  tension  of  the  wire  in  the 
resting  position  is  reduced  to  zero 

COMPONENTS 


BEAMS,  STRINGS,  RODS,  BARS 
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Oil  till-  l)\iiaiiiii'  |{<'iiavioiir  of  StriK'tiiral  EIihiii’HIs 
(.arr\iii|;  Kla.sliralK  MoiiiiIimI,  CoiK-riilraliil  Mas.s»>« 

P A A L.iiiri),  F.  A SusoinjhI , J L.  Pombo.  L E. 
L iiisoni,  and  R GHos 

Inst  o(  A(j|)ll(!d  Mnthaniis.  If.isi;  N.ival  Puerto  li<;l 
rjrano,  An)ontina.  Apirliod  Acoustics,  10  (2),  op  121 
14!)  (Atir  197 7)  19  ln|S,  18  tables,  7 rels 


Key  Worcis  Beams,  Plates.  Natural  frerjuencies 

The  present  paper  deals  wdh  the  analysis  of  certain  dynamic 
aspects  of  the  Irehavior  of  f)eams  and  plates  which  support 
elastically  mounted  masses.  Shear  and  rotatory  inertia 
effects  are  not  taken  into  iiccount  in  the  present  investiga 
tion  An  exact  solution  is  presented  in  the  case  of  a simply 
supporteit  beam.  This  solution  can  be  easily  extended  to  the 
problem  of  a simply  supported  rectangular  plate.  It  is  also 
shown  that  use  of  a variational  formulation  leads  to  accurate 
and  simple  expressions  for  natural  freciuencies  and  dyi^amic 
distJiacements  and  stresses  which  are  ideal  from  a designer's 
view|)oint  The  case  of  suptwrts  elastically  restrained  against 
rotation  is  also  considered.  The  experimental  phase  of  the 
investigation  showed  good  agreement  with  experimental 
results 
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Tlie  liiHiHdire  ol  Tip  Mass  on  ihr  Slahilitv  a 
Kotaling  (!aiilil(*>er  Sulijert<‘(l  (o  Dissipative  and 
I'raiisversi'  Kont»»rr  Coin's 

G.l.  Andofson 

Apfilied  MatluMiif'dics  unil  MofhdniPS  Div.,  WdtiTvlif)t 
Ars'-’fidl.  Wdlorvliot,  NY  12189,  MfM.t.drm  a,  ^ (2), 
|)[)  89-97  (June  19/8)  1 3 fitjs,  9 rofs 

Key  Words  Cantilever  beams.  Mass-beam  systems,  Rotors, 
Rotatory  inertia  effects,  Follower  forces 

The  state  of  stability  of  a rotating  viscoelastic  cantilever 
fjeam  sub)f.»cted  to  a transverse  follower  force  applied  at  its 
free  end  in  the  plane  of  rotation  is  determined  by  a methorf 
of  approximation  that  is  f>ased  upon  an  adjoint  variational 
principle  Particular  attention  is  devoted  to  the  determination 
of  the  dependence  of  the  critical  flutter  load  of  the  system 
on  the  transverse,  twisting,  and  rotary  inertia  properties  of 
a mass  capping  the  free  erxf  of  the  beam.  The  ecjuations  of 
motion  are  derived  from  a conservation  law,  the  adjoint 
boundary  value  problem  is  introduced,  and  an  approximate 
stability  determinant  is  developed  from  the  variational 
pnrKiple  upon  assuming  a set  of  coordinate  functions  which 
satisfy  a selecterf  set  of  boundary  conditions.  The  stability 
determinant  is  solved  numerically  for  a variety  of  choices 
of  values  for  the  internal  damping,  the  hub  radius,  tip  mass 
inertia,  the  rotational  speed,  and  warping  rigidity  para- 
meters, ancJ  several  graphs  are  presenteri  to  show  the  in- 
fluence of  these  parameters  upon  the  value  of  the  critical 
flutter  load. 
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KiitTf')'!  ■<’  (iliaracla-rifilK-  of  Nrri-a.sary  OpIiiMality 
(jtmlilioiiii 

V H Griniiv  and  A P f-  illfipov 

Lockhnnd  Missilns  atvl  Co.,  Palo  Alto,  CA, 


3 t>|)  (1976)  (l.nql,  transl.  from  "OiJtinii/atsiya 
I ktmi.'nlov  Konstmktsii  po  Mekhanichosk.im  Kharak- 
liTistikam"  Kiev,  N.iokova  Uurnka  Prttss,  1975, 
pp  bU  b4) 

N//  1 751  1 

Key  Words  Rods,  Longitudinal  response.  Natural  frequen- 
cies 

Starting  with  a notation  for  the  potential  and  kinetic  energies 
of  a strained  rod.  the  differential  equation  of  free  longitu- 
dinal vibrations  is  obtained  for  the  stationary  condition  of 
the  Ostrogradskii-Hamilton  function.  The  equations  for  the 
configuration  for  natural  frequencies,  and  the  equations  for 
the  amplitude  value  of  the  potential  and  kinetic  energies  per 
unit  of  the  rod  are  derived. 
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Kt|uililiriuiii  and  Slahility  of  a Whirlitij'  Kod-Mass 
System 

J.J  Riissdii  and  W.J.  Anderson 
U-S.  Air  Force  Aiarlemy,  Colorado  Springs.  CO 
80840,  Inti.  J.  Nonlinear  12  (2),  pf)  91-101 

(197/)  8 figs,  Grefs 

Key  Words  Whirling,  Towed  bodies.  Cables.  Multi-degree- 
of-freeviom  systems.  Lumped  mass  method 

A two-rfegree-of-fremfom  lumped-mass  model  is  used  to  gam 
understanding  of  the  ecjuilif)rium  and  stability  of  a circularly 
towed  cable.  Particular  cases  considered  are  those  of  no 
drag,  viscous  drag,  and  viscous  drag  with  a crosswind. 
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\ ihratioiial  CliaractfTi.stic.s  of  Hall  Hearings 

P.K  Gu(»ta,  1.  W.  Winn,  anci  D.F,  Wilcoc  k 
Meifianual  Tec tinology,  Inc.,  Latham,  NY  12110. 
.i  lubric.  Tech.,  Trans.  ASMF  . 99  (2).  pp  284  289 
(Apr  197/)  6 tigs,  5 rets 

Key  Words;  Ball  bearings,  Natural  frectuertcies 

The  classical  differential  equations  of  motion  of  the  ball 
mass  center  m an  angular  contact  thrust  loaded  ball  bearing 
are  mtegratetl  with  preKtihed  initial  conditions  in  order  to 
simulate  the  natural  high  frmtuency  vibrational  characteristics 
of  the  general  motion  Two  distirret  frwtuencies  are  identified 
in  the  analytical  simulation  and  their  existence  is  also  con- 
firmed experimeotaily 
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Syrtcmit  of  Kinilr  f'Jrtnmtii  foi  Kinitr  K<‘aruif;ii 

P f Allaiff,  J C NiclioldS.  am)  I t Gunii^r 
Dot't  ol  M(Hh  I ni|t<)  , Univ  ot  Vir(ii'iia,  Charloitts 
villi;,  VA,  J liiifK  IfH.h  . Ifaiis  ASM!  , ‘)9  (2), 
[>p  187  198  (Apt  19/7)  8 1i<)s,  4 tables,  19  rets 

Key  Words  Beorings.  Slidef  bearinqs.  Journal  liearings. 
Finite  elenreni  technique 

Systems  of  finite  elements  are  organized  using  matrix  nota- 
tion for  finite  length  bearings.  Most  flux!  film  bearings  have 
surface  areas  which  can  be  dwided  into  a grid  of  elements 
whose  nodes  are  labeled  in  matrix  form.  The  resulting  equa- 
tions for  rxxial  pressures  are  Uoclc  tridiagonal  arxf  the  solu- 
tion is  easily  obtained  with  direct  methods.  Analysis  of 
both  general  dider  and  lournal  bearings  is  included. 


77-1450 

Aiulyaia  of  the  Stiffncm  and  Damping  Character- 
iaticR  of  an  Kxlemally  Pressurized  Porous  Gas  Journal 
Bearing 

N S Rao 

Dnpt  of  Me<;h  Engrq  , Indian  Inst  of  Tech.,  Kharag 
pur,  India,  J Lubric,  Tech  . Trans  ASME,  ^ (2), 
pp  295  301  (Apr  1977)  9 figs.  1 1 refs 

Key  Words:  Journal  bearings.  Stiffness  coefficients.  Damping 
coefficients 

The  dynamic  behavior  of  an  externally  pressurized  porous 
gas  lOurnal  bearing  is  analyzed  by  assuming  one  dimensional 
flow  through  porous  wall.  A periodic  (displacement)  distur- 
bance is  xnposed  on  the  bearing,  and  the  dynamic  pressure 
distribution  is  determined  by  small  perturbations  of  the 
Reynolds  equation.  Stiffness  aixJ  damping  for  various  design 
corxfitions  are  calculated  numerically  using  a digital  com- 
puter and  presented  in  the  form  of  design  charts  and  tables. 


77-1451 

Journal  Bearing  Impedance  Deacripliona  for  Kolor- 
dynamic  Applicaiioiu 

U Childs,  H Moris,  and  H.  van  Lwuwrin 
fJcpt  of  Moch  Engrg  . Tech  Univ.  Twonte,  E nchrxlc. 
The  Netherlands,  J I ubric  Tech  , Tfans  ASMf  ,99 
(2),  pp  198  214  (Apr  1977)  13  figs,  27  refs 

Key  Words:  Journal  bearings.  ImpedaiKe.  Dnnping,  Math 
ematical  models 

Bearing  anpadence  vectors  are  introduced  for  plain  (ournal 
beorings  which  define  the  bearing  reaction  force  components 


as  a function  of  the  bearing  motion.  Impedarxie  descriptions 
are  developed  directly  for  the  approximate  Ocvirk  (short) 
and  Sommerfeld  (long)  bearing  solutions.  The  impedance 
vector  magnitude  and  the  mobility  vecttx  magnitude  of 
Booker  are  shown  to  be  reciprocals.  The  transformation 
relationships  between  mrrbilities  and  impedarx:e  are  derived 
arxf  used  to  define  impedarxie  vectors  for  a rxjmber  of  exis- 
ting mobility  vectors  including  the  finite-length  mobility 
vectors  developed  by  Moes. 


77  1452 

Steady  Stale  and  Stabdity  ('.haracteristica  of  a Hydro- 
dynamic  Journal  Bearing  with  a Non-Newtonian 
Lubricant 

S.T.N.  Swamy,  B S.  Prabhu.ancf  B.V.A.  Rao 
Machine  Dynamics  Lab.,  Dept,  of  Applied  Mechanics, 
Indian  Institute  of  Tech.,  Madras  600036,  India, 
Wear,  42,  pp  229  244  (1977) 

Key  Words:  Journal  bearings.  Lubrication,  Periodic  response 

The  effect  of  the  rxirvNewtonian  behavior  of  lubricants, 
resulting  from  the  addition  of  polymers,  on  the  performarxre 
of  hydrodynamic  journal  bearings  was  investigated.  An 
empirical  fluid  flow  equation  which  adequately  represents 
the  flow  behavior  of  lubricant  was  used  to  obtain  a modified 
form  of  Reyrxsids'  equation.  Finite  differerKe  numerical 
solutions  were  obtained  for  steady  state  corxfitions  at  various 
wkfth-to-diameter  ratios. 


77-1453 

Trandalioiul  Kncigy  Kxchanged  Between  an  01  Film 
and  a Cyclically  Ixsaded  Journal  • A Theoretical 
Study 

H.  Mc(3allion  and  D R Wales 

Univ  of  Canterbury,  New  /ealatxf,  Inst  M«!ch  f ngr 
Proc.,  190  (55),  pp  635 (>41  (1976)  4 figs,  1 tdt>le. 
3 refs 

Key  Words  Rotor -bearing  systems.  Whirling,  Journal  bear 
ings.  Lubrication 

Predctirsg  the  stahiliry  ol  rotating  systems  at  intermediate 
and  large  whirl  amplitudvs  it  costly  1hit  paper  suggests  a 
chmsier  approxenafe  method  based  upon  an  overall  energy 
balarxe  By  representing  the  force  exerted  on  the  baarirrgi 
as  combinatnsm  of  constant  forces  arvf  cyclic^ly  varying 
forces,  the  influence  of  bearing  gaumetty  arvf  other  factors 
on  the  magniturfe  and  diractnn  of  the  energy  flow  bstawan 
oa  fam  and  riHor  fr>r  a rrvnsjfese  ryefe  was  irwestigatad  and 
found  srgnifeant 
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Kffrrt  of  l^iibalanrr  on  a Journal  li«*ariii^ 

{(oin^  Oil  TVliirl 

I J . Barrett,  A Akers,  and  t .1  (iunter 
Univ.  of  Vtf(iim<i,  CfMrtottosviUe.  VA.  lnstr<  Mrutu 
t TKjr  FVoc.,  190  (31),  pp  b35  f>43  (1970)  10  tuts, 
1 7 refs 

Key  Words  Whirling.  Lubrication,  Journal  bearings 

A time-transrent  nonlinear  analysis  has  been  developed  to 
examine  the  dynamcal  lirrut  cycle  motion  of  a plain  journal 
bearing.  The  effect  of  unbalance  and  ambient  pressure  on 
the  journal  limit  cycle  motion  below  and  abrjve  the  linearized 
stability  threshold  speed  is  examined.  The  short  bearing 
approximation  is  used,  and  the  assumption  of  a 180  degree 
oil  film  has  been  relaxed  An  arbitrary  film  extent  based 
upon  the  instantaneous  values  of  journal  displacement, 
velocity,  and  ambient  pressure  is  used,  and  results  are  dis- 
cussed in  this  paper. 


77-1455 

The  Irifliierire  of  Oil  Liibricalt'd  journal  Hearing;!*  on 
the  Dynaftiie.H  of  Rotating  Systeiii.s 

H McCallion  and  [),M  W.jlr?s 

Univ  of  Cantnrbufv,  New  /ealdnd,  Instn.  Mcrti 
f.ni)r  Proc.,  190  (b4),  pp  6? 7 633  (1976)  5 Uqs. 
15  refs 

Key  Words  Journal  t>earinqs.  Rotor-bearing  systems.  Whirl- 
ing. Lubrication.  Computer  programs 

A computer  program  representir>g  a shaft  arid  rotor  whirling 
in  bearir>gs  which  allows  for  realistic  oil  film  boundary 
conditions  ar>d  non-circular  bearing  profiles  has  been  devel 
r>ped.  gave  good  agreement  with  experimental  results 
published  by  Brown  arxj  FrarKe  With  the  aim  of  ifKreasing 
ur>der standing  of  the  influerKe  of  bearing  profile  on  system 
instability,  the  program  calculates  the  timewise  variation  of 
the  energy  m translational  motion  supplied  to  the  rotor  by 
oil  film  forces  Or>e  case  is  illustrated 


BLADES 

{Also  No  14371 


77-1456 

Vibration  of  Impellers,  Part  I.  Thei»retical  Analysis 
and  Kxperiment  of  Vibration  of  Blades 

A Ndr|ijmdls»j.  S.  Mi(-fumiird.  and  A.  Isfiihara 
Tokyo  Institute  of  Ter  h , Tokyo,  Jd[Mn,  Bull  ISMf  , 
20  (1421.  ()p  411418,  11  fu(s,  5 tables,  21  refs 
(Apr  1977) 


Key  Words  Blades.  Free  vibration,  F inite  element  technique. 
Shells.  Vitxation  tests.  Holographic  techniques 

Free  vibration  of  impellers  of  rotaiir>q  hydromachines  is 
ar>alyze<l  by  both  the  finite  element  methrxl  and  the  experi- 
ment An  isoparametric,  thick  shell  element  is  used  in  the 
analysis,  which  allows  arbitrary  changes  in  the  shape,  the 
thickness  and  the  curvature  The  eigenvalue  protilem  is  strived 
with  the  subspace  iteratnin  method  The  calculated  values 
of  the  frequefKy  and  the  natural  mode  are  m good  agreement 
with  the  experimental  ones. 

77  1457 

Dynamic  Re.spon»c  of  Nonunifomi  Rotor  Blades 

D.G.  T (»rtis 

l)(?pt  of  Civil  T nqrq  , Akron  Univ.,  OH,  27  ()p  (July 
28. 19/5) 

N/7  i:3003/7GA 

Key  Words  Rotor  blades.  Helicopter  blades,  Dyr>amic  re- 
sponse 

This  paper  presents  theoretical  investigations  related  to  the 
theory  of  rotating  blades,  such  as  helicopter  blades.  The 
works  presented  here  are  more  general  than  the  ones  by 
other  investigators  because  it  takes  into  consideration 
that  the  plane  of  rotation  of  the  blade  is  not  perper>dicular 
to  the  axis  about  which  the  blade  rotates.  ar>d  that  discon- 
tinuties  along  the  elastic  axis,  as  well  as  supporting  shaft 
flexibility,  may  be  also  taken  into  consideration.  The  gen- 
eral differential  equations  of  rotating  pretwisted  blades  under 
arbitrary  loading  and  the  tedious  general  expressions  for  the 
quantities  involved  in  these  equations  have  been  derived  here. 
The  aerodynamc  loadings,  however,  are  left  in  general  form. 

77-1458 

OpIiraT  Determination  of  Rotating  Fan  Blade  De- 
f1ection» 

H.  StarQardt<’r 

Pratt  & Whitney  Aircraft,  Last  Hartford,  CT,  J.  Enqr. 
Power.  Trans.  ASMF.,^  (2).  pp  204  210  (Apr  1977) 
15  fiqs.  4 refs 

Key  Words:  Fans,  Compressor  blades.  Blades.  Flutter 

Measurement  of  flutter  motion  for  rotating  fan  ar>d  compres- 
sor blades  is  necessary  to  verify  mode  shape  analysis  and  as- 
sure an  accurate  description  of  the  deflection  and  twist 
distribution  required  for  stability  prediction.  The  static 
deflection  of  blades  caused  by  centrifugal  and  gas  loads 
also  needs  to  be  m^^asured  to  improve  the  accuracy  of  per- 
formance analysis.  This  paper  presents  a new  technique  for 
making  these  measurements  with  small  blade-mounted  mir- 
rors that  reflect  laser  light  once  per  revolution.  Vibration 
amplitude,  phase,  and  frequerKy  are  discussed  and  related  to 
analysis.  Limits  in  accuracy  and  the  importarKe  of  precise 
mode  shape  description  for  flutter  anaiysis  are  presented. 
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I li<-  Kcsiioiis*'  <>l  TiirlMmiacliim-  Ulaili's  In  laiw 
liilrl  Distoiiioiis 

IH  k,  1 M (.in'it/i'r,  .ind  Hf  I liMulittson 

U'liv  of  S.ll1ord,  S.iltoid.  UK.  .1.  f M'U  (-*owi'i,  ff.ms 
ASMl  "d  (/>),  I P (Apr  19//)  H fii|S,  W fi'Is 

Kf*v  Words  Blaries.  Tuihomdchinerv.  Flutd-inducnd  ♦*xctta 
non 

An  anaiysis  »s  prr’SfMUrMi  ol  the  unsteady  ^ cascarie  of 

arrforls  movmq  ihrouqh  a circumferential  inlet  flow  distor 
(ion  The  flow  model  is  Iwsr.'ri  on  f)ljdes  of  finite  chord,  l)ut 
small  pitch/chord  ratio  Two  separate  mcMhcxls  are  user)  to 
derive  the  unstearfy  lift  on  the  Maries,  le<'Khng  to  the  same 
analytical  expressions  iri  lK)th  cases.  The  arialytical  solution 
IS  comparwl  with  earlier  investiqations  of  the  flow  past  iSO- 
latetl  airfoils  (Sears),  with  numerical  results  for  airfoils  in  a 
cascade  (Heriderson/Danesfiyar,  Whitehead  and  Smith)  and 
with  iK:tuator  disk  results.  It  is  shown  that  the  present 
simple  mcxiel  provifies  results  that  are  consistent  with  the  nu- 
merical calculations  for  wnall  pitch/chord  ratios.  In  addition, 
the  present  methorf  provides  a means  for  resolving  a dis 
crepancy  (>etween  existing  theories  as  to  the  behavior  of  the 
cascade  lift  coefficient  at  low  retluced  frequency. 
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T7  I M>0 

( jJi  iilalioii.'.  Jiiiiflions  ami  Splits 

j C t ciOf)  H t l'i;rlff* 

(iiinMK  of  Mt(i*‘S  Pulil  No  HI  8227.*^  PM  (T97/)  f) 
fiijs.  Av.ul  Hob)  Ibsir  Rr.irx  h.  Bu  t)f  Minns,  US 
U.-Pt  of  Intnnni  48(KJ  horhns  Avo.  PittsMurqti,  PA 

Key  W ds  Ducts.  ShrKk  wave  propagation,  Computer  pro 
gram* 

A computer  code  for  laminar.  st‘‘<i<fy  state,  irtcompressif)le, 
two-dimensional  flow  developed  l»v  Gosman  was  modified 
liy  the  Bureau  of  Mines  to  calculate  shrKk  (minor)  loss  at  the 
intersections  of  ventilation  (fuels  Turbulent  flow  was  simu 
later!  usir>g  laminar  flow  wjuations  and  an  at>propnate  wall 
shear  stress  Results  of  the  calculation  showed  good  agree 
mem  with  the  experiment 


77-1  U>l 

VilvaiK'ctl  liilfl  Hurt  \oi,s<-  lion  (.oiix-pls 

I)  CliPStmitt  .iP(l  C.l  t cil'.’i 

l_,ini|lpv  Hi'S  CiMili.T  , NASA,  1 .iPpli.'V  SpitioP.  VA, 
In  NASA.  I.ipplcy  Kcs.  Cp'iiPji  Airttaft  Sdfi’tv  .ip'I 
()pi'iapn()  f’rohlt.'nis,  pp  981  991)  (1976MN77  1H081) 
N/7  1810/ 

K<'v  Wo((ls  Ducts,  Acoustic  liners,  Aircriilt  noise 

A proijress  report  is  yiven  on  the  implications  of  inlet  noise 
reduction  on  aircraft  direct  operating  costs  (DOCI.  It  con- 
siders treated  inlet  rings,  various  other  inlet  noise  rerfuction 
concepts,  and  forward  speed  effects.  The  report  was  limiterf 
to  relatively  well-established  approaches  to  inlet  noise  reduc- 
tion, such  as  acoustic  liners  and  fixed-geometry /high  subson- 
ic-speed  inlets  which  are  the  focus  of  considerable  current 
research  activity  All  of  the  concepts  discussed  are  of  a 
'passive'  nature,  i.e.,  no  moving  parts  or  electrical  feedfjack 
systems 
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Noise  Ooiilrol  in  llcvel  (iears 

U H Cdtlsoii  dPil  K W.  1-vans 

SAt  Papf'r  No,  //05B3,  12  pp,  8 tips,  8 rats 

Key  Words:  Gears,  Noise  reduction 

Vibrations  cieaterf  by  the  meshing  action  of  bevel  gears  oper- 
ating in  a drive  system  often  result  in  gear  noise.  Although 
this  noise  is  a system  problem,  it  can  be  reduced  at  the  source 
by  careful  design  and  manufacturing  techniiiues.  This  paper 
discusses  key  factors  in  these  areas. 


77-1  16:1 

Kliiniiiatiii^  an  \iim»>iiig  VMiixlle  from  a S|>iir  Cear 
Power  Traill 

(-1  F HnltOP 

PciV  LiPn  Oiv  , Intiit national  UaivfstiT  Co..  SAF 
Pai'ot  No  /70‘>(i2,  U5  P|i.  1/  Fiqs,  1 tahins.  5 refs 

Key  Words  Gears.  Noise  r'  -Nction 

This  paper  discusses  a methoriology  and  associated  logic 
which  can  be  used  to  analy.e  a spur  gear  power  train  lor 
sountf  reduction  at  the  source  ol  generation.  The  specific 
examiile  discussed  here  involves  the  successful  elimination 
ol  an  intoleraltle  whistle  prorluced  by  the  spur  gear  trans- 
mission  of  a large  crawler  tractor. 
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VMial  .1  l ii'viUlt'  ( 

N I i()linsit)in‘ 

L<iv**)ov.  In<  , D(JWtn*rs  Grovn,  I L (30515.  Pnwnr 
iransfii  f)f*s  . 10  (5).  ci'  3/40  (M.jy  19/7)  12f(4s 

Key  Words  Flexible  couplings 

Because  zero  shaft  misalignment  is  unattainable,  a coupling 
must  have  some  flexibility.  However,  flexible  couplings  have 
other  functions  than  compensating  for  shaft  misaligrtment. 
These  functions  and  various  types  of  flexible  couplings 
are  described. 


77-1465 

(ioinpuU'r- Synthesis  of  Liiikafies  - \ Motor- 
ryrle  Design  Sliiciy 

K.  Okfhdm  and  J.N.  Fawcett 

Dept,  of  Moc.h,  Fntjrg.,  Univ  of  Nr‘w  astle  upcjn 
Tyne,  UK.  Iristn  Mer;h  Frujr  Proc.,  190  (31).  ()p 
713-/20  (19/6)  B fiqs,  1 table.  2 rids 

Key  Words:  Sus(}ension  systems  (automotive).  Computer 
aided  techniques.  Motorcycles 

The  geometry  of  current  motorcycle  rear  suspension  systems 
IS  such  that  the  center  distance  between  the  gearbox  output 
sprocket  aruf  the  rear  wheel  sprocket  varies  as  the  suspen- 
sion deflects.  This  paper  describes  the  application  of  a com- 
puter program  for  the  synthesis  of  linkages  to  the  design  of 
a SIX  bar  linkage  arrangement. 


MEMBRANES,  FILMS,  AND  WEBS 


77-1  166 

On  IIk-  Rf.s|HinM‘  of  an  Kla.sli<-  Vlfiiihranr  fo  a Travrl- 
ling  King  Load 

D H Y Yen  and  ,J  Gaffopy 

Div  of  t ni)t(j  Hi-s  ,in<l  Dp()I  of  Mathematics.  Micti 
I'jan  State  Univ.,  last  l.cinsmit,  Ml  48824,  Inti.  .1. 
Solids  Stme  , 1_3  (b),  P()  4b/  4615  (19//)  6 fitjs.  b refs 

Key  Words  Membranes,  Mrivtnq  toads 

Exact  solutions  in  closeti-form  are  presentert  lor  the  rtyriamic 
response  of  an  infinite  elastic  membrane  to  a surldenly  ap- 
plierf,  rarfially  exftantiing  ring  load. 


PIPES  AND  TUBES 


77-1467 

Tw(»-Pha.so-KloH-lmluc«*d  Vibrafions  in  a llori/ontaJ 
Piping  System 

F Hara 

Faculty  of  Fnqrg.,  Tokyo  Univ  of  Science.  Tokyo, 
rlapan.  Bull  .ISMF,^  (142),  pp  419  427  (Apr  1977) 
1 1 fK|s,  7 tat)les,  9 refs 

Key  V'vords  Pipes  (tubes).  Fluid-inefuced  excitation 

This  paper  deals  with  experimental  and  theoretical  analyses 
of  the  excitation  mechanism  of  vibrations  induced  by  an  air- 
and  waJer  two  phase  flow  in  a straight  horizontal  pipe. 
The  experiment  reveals  a strong  relationship  between  the 
first  natural  frequency  of  a piping  system  and  the  dominant 
frequerKy  of  void-signals  when  extraordinarily  strong  vibra- 
tions are  observed.  The  equation  of  motion  in  a straight 
horizontal  pipe  conveying  a two-phase  fluid  is  derived  by  ac- 
counting for  inertia  force,  the  pipe's  elastic  restoring  force; 
Coriolis'  force,  centrifugal  force,  pressure  fluctuations, 
momentum  change  due  to  time-varying  density  of  the  two- 
phase  flow  and  gravity  as  an  external  force. 
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(Jiart  for  Kstimatiii^  the  Kffk'ieiicy  of  the  Broadband 
Sound-Power  Radiation  by  Kaiidomlv  \ ihratins  Pipe 
Walls 

W C.  Kennociy  and  F.J.  Youmj 
Gannon  Collcgf;,  Frie,  PA  16501,  .1.  Acoust.  Soc. 
Arner.,^  (5),  p)i  1209  1212  (May  19771  3 figs.  1 
table,  8 refs 

Key  Words.  Piping  systems,  Raridom  excitation,  Sour>d  trans- 
m ission 

A general  curve  is  derived  for  the  braodband  radiation  ef- 
ftciency  of  a pipe  where  wails  undergo  random  vibration. 
Once  the  mean  amplitude  of  vibration  of  the  pipe  wall  is 
known  one  can  use  this  curve  to  predict  the  broadbarnf 
sound  power  level  radiated  by  the  pipe. 
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IlydrostalM'  Traii««iii.Hsion  Noise  Aliateiiient 

G t M.uorujv  O.L  0'N»mI 

Miitd  Powor  Hos  Cir  , Okldtioma  State  Univ  , 
SAf  Papei  No  770bt30,  12  pp,  11  fiys.  2 tables, 
1 b rets 

Key  Words  Power  transmission  systems.  Noise  reduction, 
Fluid-irKluced  excitation.  Pipes  (tubes) 

This  paper  discusses  the  control  of  the  three  types  of  noise 
associated  with  hydrostatic  transmissions  - airborne,  struc- 
tureborne,  ar>d  fluidborne.  Basic  control  techniques  for  all 
three  sources  of  noise  are  discussed.  Specific  guidacKe  for 
controlling  fluidborne  noise  is  provided  by  discussing  the 
selection  of  pumps  and  motors  based  on  flow  ripple  and  im' 
(>edarKe.  the  selection  of  operational  parameters,  and  the  use 
of  fluidborne  noise  attenuators. 


PLATES  AND  SHELLS 

(Also  see  Nos.  1421,  1431,  1444) 


77-1470 

Damping  (-haracleristics  of  185-Inch  “V'lTSS**  and 
Standard  Sonar  Dome  Structures 

H N.  Phf>|ps.  -Jr 

Navy  UfHjerwater  Sound  Lab,  New  London,  Cl, 
Hept  No  USL  TM  2133  1213-66,  58  PP  (Dec  8, 
1966) 

AD  A035  892/9GA 

Key  Words:  Domes.  Sonar,  Damping  coefficients 

This  techncal  memorarxjum  presents  the  damping  and  vibra- 
tion charactefistcs,  measured  in  air.  of  a 185-inch  Variable- 
Internat-Truss-Si/es-arKl  Spacing  (VITSS)  Steel  Sonar  Dome 
Structure,  without  wtrKlow.  Results  are  compared  with  a 
starKlard  185-ifKh  CW5547SQS  steel  sonar  dome  structure, 
without  a window. 
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Numerical  AnaJyaia  of  the  Dynamic  Responae  of 
Klaifto-Plaatir  Shells 

M P.  Bieniek,  J F unaro,  and  M L.  Baron 
Wfjidlintjer  AssociaPis.  NY,  Rept  No  TR-20,69  pp 
(Nov  1976) 

AD  A035  965/3GA 

Key  Words:  Sheds.  Dynamic  buckling,  Elasto-plastic  pro 
perties.  Numerical  analysis 


An  efficient  numerical  procedure  for  the  transient  dynamic 
analysis  of  the  elasto-plastic  shells  is  introduced.  A simple 
shell  is  analyzed  and  the  results  achieved  are  compared 
against  an  existing  code 

77  1472 

Vibrations  of  Cross-Supported  Vist'oelastic  Plates 

K . Nayaya 

Faculty  of  Fnyry.,  Yauiayata  Univ.,  .Jyonan,  Yone- 
/awa,  Japan,  J.  Accjust.  Soc.  Amer.,  61_  (5),  |)p  1 191  - 
■*197  (May  197719  figs.  12  refs 

Key  Words.  Plates,  Viscoelastic  properties 

This  paper  discusses  a free-  and  a forced-vibration  problem  of 
efasticaily  cross-supported  rectangular  viscoelastic  plate  with 
various  edge  corxJitions.  A three-elements  viscoelastic  model 
is  adopted  in  the  analysis-  The  result  for  the  viscoelastic 
plate  is  obtained  from  the  correspondence  principle  by  apply- 
ing the  Laplace  transform  to  the  constitutive  equation  for  the 
viscoelastic  materials  and  to  the  equation  of  motion  in  terms 
of  unknown  forces  which  are  equivalent  to  reaction  forces 
and  resisting  moments  of  the  supports.  Some  numerical 
results  are  shown  for  steady-state  and  transient  response 
problems. 

77  1473 

Dynamic  Analysis  of  a Plate  Heat  Kxchanger  System 

H.  Masiibuchi  and  A.  Ito 

Faculty  of  Fnyrg.,  Osaka  Univ.,  Suita,  .iapan.  Bull. 
JSME,  20  (142).  pp  434441  (Apr  1977)  5 figs, 
2 tables.  1 1 refs 

Key  Words:  Heat  exchangers,  Plates,  Thermal  excitation 

This  paper  presents  a systematic  analysis  of  static  and  dy- 
namic characteristics  of  plate  heat  exchangers  having  a num- 
ber of  heat  transfer  plates  There  are  various  flow  types  m 
a plate  heat  exchanger  system.  The  results  are  numerically 
compared  under  the  corxlition  that  each  flow  rate  of  the 
hot-  arxl  cold-side  fluids  remains  constant,  respectively  in 
any  flow  type. 


SPRINGS 

77-1474 

Thr  Dynamic  (U>uplin^  of  Torsional  and  Rrxural 
Strains  in  Cylindrical  Helical  Spring's 

I . Della  Pietra 

Iristiluto  di  Meccanica  applicata  alle  Maahine, 
Umwrsit^  di  Napoli,  Italy,  Meci.anica,  1_1^  (2),  pp  102- 
1 19  (June  1976)  21  figs,  3 tables,  20  refs 
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Key  Wortls  Heln.il  sfinnqs.  Coupled  response.  Torsional 
tesiionse.  Fl«?xiiral  res^ionse 

The  coupling  befween  torsional  and  flexural  strains  in  cylin- 
<lric.il  hi*lical  springs  axially  exciHnl  was  exainiruHi  in  this 
{lapor.  both  theoretically  and  experimentally 


STRUCTURAL 
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()|)tiimiiii  Design  ot  liiidvr  (.iMlcrs  ot  Kleeliir  User- 
liead  I lairdliii;:  Lratins 

b S H'lo 

ItifJiatt  InsT  of  T*m  h . K. input . Iniii.i,  ASr’f  Pfitmi  No 
;eiWA/[JF  28 

Key  Words  Overhead  cranes.  Girders,  Optimisation,  Shock 
absorption 

The  problem  of  the  design  of  box-type  bruJge  gtrrfers  for 
elf*ctric  overhead  traveling  cranes  is  formulated  as  a minimum 
weiqfit  (fesign  problem  with  merjuality  constraints  The 
restrictions  placerf  on  the  riesiijn  pioblem  include  limitations 
on  the  maximum  allowable  (feflections  and  stresses  as  well 
as  on  the  shock  absorbing  capacity  during  accidental  colli- 
sion The  overall  stability  and  rigidity  considerations  are 
.ilso  taken  into  account.  Several  load  conrfitions.  as  per  tfie 
code  stiecifications,  are  considered  in  the  rfesign  problem. 
The  resulting  r'onlinear  programming  tirofilem  is  solverf  fiy 
using  an  interior  penalty  function  method.  Numerical  exam 
pies  are  given  to  illustrate  the  effectiveness  of  the  approach. 


TIRES 
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lire  Paiaiiirter  Delemiinulioii.  \oIiiiih*  I.  Siiiiitiiarv 

fJ.S  S<.fu»rinq 

CdlspdM  Turf)  Buffalo.  NY,  H(*[d  Nrj  C'ALSf^AN 
/M  (1B78)  (Also  <(Vdil<jl)ln  iti  d s*’t  of  9 ffpMfts, 
PB  Sf  T) 

PB  2fi3  440 


Key  Worrls.  Automobile  tires,  Truck  tires,  Tire  characteris- 
tics. Computen/wl  simulation.  Mathematical  models,  Experi- 
mental data 


The  ob|(>ctive  of  this  study  was  to  generate  a comprehensive 
l)ody  of  the  maior  force  and  moment  characteristics  of 
passenger  car  and  light  truck  tires  currently  distributed 
in  the  USA,  and  to  firesent  them  in  a form  suitafile  for 
vetiicle  handling  computer  simulations. 
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KitVrIsof  l ir<‘  Properlies  <ui  Triirk  and  Bii.s  Handling. 
\p|KMidi\  V rdiiiiie  II 

H.D  t rvin,  C fi.  Wmkhjr.  I.F.  B**rndrd.  dO'l  F-f  K. 
Guptd 

HiijhwdV  S«if"lv  Rtfs  Inst  . Mu.luijdn  Univ  , Ann 
Arbor.  Ml,  R.'pt  No.  UMHSRl7(ill  (Doc  1976) 
(Also  .ivdildlilr;  III  d set  of  4 reports,  PB-203  8/7  S(  T ) 
Pf^  263  879 


Key  Words:  Truck  tires,  Tire  characteristics.  Trucks.  Buses 
(veh  icles) 

The  project  identifies  the  importance  of  tire  traction  pro- 
jierties  of  truck  tires  in  order  to  determine  the  steering  and 
braking  response  of  light  and  heavy  commercial  vehicles. 
Tire  tests  on  a large  sample  of  light  and  heavy  truck  tires 
were  conducted  using  two  lalxiratory  and  one  over-the-road 
tire  lest  device.  A compuleri/ed  simulation  study  providing 
a mechanistic  undetstanding  of  the  response  sensitivity  of 
the  open-loop  vehicle  to  tire  properties  was  conducted. 


77-1  17« 

l ilt*  Slffriiiii  ( liarartt*ristit‘s  ol  Miilliplt*  \\l»*  Btijjit* 
Svsitgiis 

J R [ lbs 

Si  fiuol  of  AutoMi-.'tivi;  Stmlit'S,  Cr.infifld  Insl.  ut 
I"ifi.,  UK,  VufiifU*  Syst  Dyn..  (4),  up  221  238 
flJui.  19^6)  13  fills 

Key  Words.  Commercial  lranst>orlatiofi.  Aiticulatetl  vehicles. 
T ire  characteristics.  Sti  ering  effects 

Legislation  limits  the  load  that  may  be  transferred  to  the 
roaciway  by  the  axles  of  a coinroercial  vehicle  and  this  has 
resultwf  in  tfie  development  of  multi  axle  fxigies  for  both  the 
tractor  and  trailer  units  of  articulated  vehicles  and  at  the  rear 
of  rigid  vehicles,  some  of  these  fnigies  contain  self  steenng  or 
articulation  steeretf  axles.  Experience  shows  that  the  tire 
wear  characteristics  of  multi  axle  bogies  may  be  unsatisfac- 
tory The  paper  analyzes  the  role  of  such  bogies  in  the  con- 
text of  vehicle  handling  and  sfiows  how  the  lateral  tire 
forces  vary  firttwcen  the  axles.  An  hypotheses  relating  the 
forces  in  a siearfy  state  turn  to  wear  i$  given.  The  analysis 
may  also  be  afiplied  to  the  general  case  of  vehicle  handling. 
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ABSORBER 
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V is('ousl>  I)>iiaiiu4'  MisorlxMs  oi 

lional  ami  Nov«*l  Dt'sigii 

M A Nol)il‘r  .iful  J C Snowfi4)f» 

H**s  Lcit)  , P(;nn  Slat**  Univ  . Univf^rsity  Park, 
f’A,  Rt-pt  No  IM  /6  ;-i08.  b2  pp  (Doc  10,  197b) 
AC)  AU.-ib  f)84/9GA 

Khv  Words  Dynamic  vibration  absorption  (wjuipment* 

The  behavior  of  dynamic  vibration  absorbers  of  conventional 
and  novel  design  has  been  mvostiqated  experimentally  and 
found  to  compare  closely  with  prediction.  The  dynamic 
absorbers  were  ernployed  to  suppress  the  tranynissibility 
at  resonance  across  a one-degrec-of  freedom  primary  syslenn. 
Results  are  discussrjrf  in  this  perper 
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\ isi’niisl)  |)aiii|>rti  DviiaiiiH'  MisorixTs  of  (.oiivrii- 
ami  Nov<‘l  l)*  sieii 

MA  Nobih- .m(j  J (■  Snowdon 

Applft)  Ri^b  I .ib  , Penn  St.itb  IJniv  , Univtirbity 
P;»rV  . PA  1f)80?,  I Ai  oust  SfJ'  Arncr,,  ^ (9), 
PP  1198  1?08  (Mdv  1977)  1 7 t«is.  19  tpfs 

Key  Words  Dynarntc  vrbratron  ahsfjrfjtion  lepuiprnent), 
Vibration  absorption  (er^uipment) 

The  behavior  of  riynamic  vibration  absorbers  of  conventional 
and  novel  design  has  been  mvestigatr^i  experimentally  and 
frjund  to  compare  closely  with  prediction.  The  dynamic 
absr>rbers  were  employer#  to  suppress  the  transmissibility 
at  resonar>ce  across  a one  degree-of  freedom  primary  system 
Results  are  discusser#  m this  paper 
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tS'rtoiafiMl  hariii^K  ItarkrMi  uitli  Porr»iis  Mab'rial.s 
as  Sr>uii<i  MisotIhts  An  inienfal  Stiirly 

WA  [J.iviTn 

Div  of  [^uiliiipd  fb's  , CSIIU),  Mi'ltniurni',  Australia 
Appltnd  Acousprs,  10  12),  pp  89  11?  (Apr  197/9 
1 1 fi'is.  7 ri'fs 

Key  Words,  Absorbers  (materials).  Hole-containing  media 

This  paper  describes  how  the  physical  elements  of  a perfor 
ated  facing  t)ackr*d  with  a porous  material  sriund  absorf>ent 
system  • percentage  perforation  and  thickness  r>f  the  facing, 
the  density  of  the  porous  backing  material  and  the  arrange 
ment  of  the  facing  in  relation  to  the  backing  material  -•  can 
change  the  specifi"  acoustic  impr»rJance  of  the  absorber  and 
hence  its  absorption  coefficient.  These  factors  can  then  be 
used  in  achieving  a good  design 
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liisrsti^al jr)i»  4>f  Nni.M*  Katiiatinii  I roni 
a (amilar  Plafe  (a»v<‘rr*d  hs  Poly iirolliam*  Foam 

M.A  Sdtlct  <jM(j  Ci  Afim.jiJi 

[ )i;pl  of  Mp(  b (-ruirtj.  (\ihiavt  Univ.,  Sthra/,  Iran, 
ApplinP  /Vfousttps,  IJj  (2),  pp  113  120  (Apr  1977) 
2 fidS,  2 taljids  1 b rnfb 

Key  Words  Absorf>ers  (materials).  Foams,  Noise  reduction 

An  experimental  investigation  of  rhe  noise  rwfuction 
achieved  by  covering  a thin  circular  plate  is  reportwl.  The 
plate  boundary  was  unconstrainerl.  One  side  of  the  plate  was 
covered  by  sound  absorbing  material  s<3  that  noise  radiation 
from  the  other  side  for  different  configurations  of  foam 
cover  was  measurer!  and  compared  with  the  noise  level 
obtained  without  any  foam  cover. 
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l)<gnoti>ilrali<»h  of  Pror  r'diin*  for  linp.u  t- 

liu^  Allriitialioii  Sv.sirm.s  uilli  PitMlirlaliU*  Perftw 
iiiaiire 

\ J.  StiiTilor 

Goodyi-'di  Anmspdi.t!  Corp  , Akron.  OH,  ( Airtr.Hr, 
lj_(b),  pp  !jU2  907  (M.iy  1977)  21  bds.  4 r.ds 

Key  Words  Air  bags  (st)ft  landing).  Mathematical  motiels. 
Computer  programs.  Drop  tests.  Energy  absorption 

A SIX -degree-of  freetiom  mathematical  miHlel  and  computer 
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pro<)(jrn  were  ustMj  to  pr(Hl»ct  tht>  performance  of  d rectan 
ijular  sfiapr'ft  imp<icf  Iraq  attenuation  system  that  was  (fesiqn- 
ihI  .imf  fdf>ncat(Hf  for  (Jrop  testing  an  MQM-34D  remotely 
pilotrKf  vehicle  (HPVI.  The  impact  Iraq  was  a lightweight 
structure  without  internal  supports  arwf  having  reliable, 
ret)eataf>le  twq  pressure  relief  orifices.  Elastometric  materials 
suitaf)le  for  the  total  temp«*rature  environment  were  useef. 
B.h)  trressures  and  RPV  loarfs  were  priKiicted  for  both  vertical 
aruj  horizontal  velocity  components. 
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K f iijiw.Jf .1 , Y,  Ando.  .jtKj  / Mtj<4t)VAi 
Kyushu  Inst  of  DnsKfn,  KtiMjcjl-d,  Kyushu  81b, 
l.ip.in,  Appli(?(J  Aujustns,  10  (2),  pp  147  1 b9  (A()r 
19/7)  10  fiqs,  1 1 rrjfs 

Key  Words  Noise  barriers,  Noise  reduction 

This  paper  presents  a methwf  of  estimating  the  excess  at- 
tenuation of  noise  by  a thick  barrier  In  this  method,  the 
excess  attenuation  of  noise  by  a thick  barrier  is  assumerd  to 
be  composed  of  two  parts,  one  being  the  effect  of  a virtual 
thin  barrier  with  the  same  height  and  the  other  the  effect 
of  thickness.  A single  chart  for  estimating  this  thickness 
effect  is  offered  under  cocxlitions  which  only  permit  an 
error  of  a few  decibels.  The  validity  of  the  method  presented 
here  is  verified  by  comparing  the  estimated  with  the  mea- 
sured values.  Consefjuently,  this  metho<J  may  be  useful 
for  the  purpose  of  estimating  the  excess  attenuation  of  a 
band  of  noise  by  the  barrier  whose  thickness  is  larger  than 
half  a wavelength. 


Key  Words  Noise  reduction.  Lagging 

The  application  of  an  acoustically  absorbent  blanket  covered 
with  an  impermeable  fwrrier  to  the  surface  of  a noise  source 
for  the  purpose  of  noise  reduction  is  terme<i  "lagging.”  It 
IS  well  known  that  airborne  sound  transmission  loss  data 
cannot  be  used  to  predict  noise  riKiuctions  for  lagging  con- 
figurations. riarticularly  when  the  noise  source  contains 
Significant  low  fre<}uency  content.  A design  procedure  is 
outlinecf  to  aid  in  the  srjiection  of  an  effective  lagging  con- 
figuration for  the  lowest  octave  l>and  of  interest. 
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1 hr  Operation  <»t  l.aH.s  in  Noist*  Goiitml 

Kni>inerriiic 

SH  WuPf 

Hdyes,  ,inci  M.ilturn,  f*.0.  fjox  13440, 

Rodnokii,  VA  240.34,  Nois*;  Control  f npr  , (1), 

in*  24  2f)  (J.jri/(  *■()  1977)  3 r.*fs 

Key  Words  Noise  control 

While  much  has  fieen  published  in  technical  journals  on  the 
(ipplications  of  a<fvarx:ed  mathematics  to  theoretical  acoustics 
and  noise  control,  there  are  fi?w  references  to  the  ojieration 
of  Murphy's  Laws.  The  author  illustrates  the  relevance  of 
these  laws  to  familiar  noise  problems. 


riie  IVoterlion  of  liuildiii^s  \vain.sl  Traffic  Noi.sr* 

F R Fri(,k(3 

D(*(4  u(  Architur Uiral  Sr.M.’nf.o,  Univ.  of  Sydney,  New 
Soutfi  Wales  2006,  Australia,  Noise  Control  f nqr  , 
8 (1),  p()  27-32  (.lan/Feb  1977)  10  ficjs,  15  refs 

Key  Words;  Noise  reduction.  Noise  barriers 

The  use  of  walls  or  barriers  for  controlling  noise  has  been 
appreciated  for  many  years.  However,  their  applicability  to 
situations  In  which  buildings  are  located  near  busy  roads  is 
strictly  limited  by  a number  of  factors.  The  results  of  model 
investigations  for  three  alternatives  to  the  conventional 
barrier  are  presenteci.  These  alternatives  appear  to  offer 
improved  acoustics,  economics,  and  aesthetics. 


(iniilrni  of  Piiriiniatic  (.iiippiii«  aiitl  (irimliiie  Noise 

A VisnaiHiu  <ind  J W.  Jerts»‘n 

Buf^idu  of  Mine’s  Pul)l.  No.  Rl  8223,  16  |>[)  (1977) 
5 fiijs,  Avdil  Pufjl.  Distr  Brdncft,  Bu.  of  MifuiS, 
li.S.  nf  Intnriur,  4800  F-orf)PS  Avp.  Pittsl>uri|h, 

PA  15213 

Keywords;  Tools.  Noise  rerluction 
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Nois#*  f.oiitrol  liy  Harriers  ••  Part  I:  Nois#*  K(Hiuctioii 
liv  a Tliick  Harrier 


Pneumatic  chippincj,  scaling,  and  grinding  can  expose  the  tool 
operator  to  noise  levels  in  the  range  90  to  120dbA  In  most 
chipping  and  scaling  operations,  casting  resonance  is  the 
primary  source  of  noise,  followed  by  air  exhaust,  antf  ma 
chine  and  chisel  resonance.  In  grinding,  the  air-exhaust  noise 


\ 


t 


prwjommates  The  Bureau  of  Mines  has  shown  tfiat  noise 
from  these  tH>©i’«''tions  can  be  reduced  by  up  to  15  dbA, 


77-1  W) 

The  I'm*  <»f  IMasterhoanI  ami  HcmhI  W«m»I  in  liidiislrial 
Noisi'  (!«>ntrol 

Pf  Joni:s  and  P Hovl<J 

R«?s  and  Dnv  Dept  , Bntish  Gvi >sum.  Ltd  , Noiso 
Control,  Vib  and  InsuL,  _8_  (^1 , PP  117  119  (Apr 
1977)  f)  fiys 

Key  Words  Noise  reduction.  Buildings 

Some  applications  of  plasterboard  and  wocxl  wool  m indus- 
trial r>oise  control  are  given  Any  specific  sound  msulatiori 
results  quoted  have  been  obtained  m the  laf>ora*ory  to 
BS  2750  and  ISO  R140. 


ACTIVE  ISOLATION 
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Vn  Vclive  Suspension  wifli  Opfuiial  I. invar  Statr 
Feetlhark 

A G T)ioir)psr>n 

Dept  of  Met.fl  Entjnj  , Univ.  of  Adelaufe,  Smitfi 
Australia,  Vefiicle  Syst  Dyn.,  b (4),  pp  187  203 
(Dec  1976)  5 fujs,  2 Tables.  14  rr-ts 

Key  Words.  Active  isolation.  Suspension  systems  (vehicles), 
Ground  vehicles 

In  this  paper  modern  optimal  control  theory  is  applied  to 
the  design  of  an  active  suspension  system  for  a motor  vehicle 
The  road  profile  is  assumerf  to  be  continuous  and  random 
with  a power  spectral  density  IP.S.D.)  which  vanes  inversely 
With  the  S(]uare  of  the  frequerx:Y.  The  quadratic  integral 
type  performance  index  employerJ  is  a weighterJ  sum  of  the 
integral  v^uares  of  body  acceleration,  dynamic  tire  deflec- 
tion and  relative  body-to-axle  displacement.  A solution  ts 
obtained  for  the  infinite  time  case  which  is  both  computa- 
tionally and  physically  realisable  as  an  active  sus()ension 
in  which  the  only  continuous  measurements  required  are  the 
body  absolute  velocity  and  the  body  disj^lacement  relative 
to  the  road  The  performance  is  compared  with  that  of  a 
conventional  type  passive  suspension  arxf  found  to  be  sig- 
nificantly f>etter  in  practically  ail  respects. 
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Interior  \oim‘  \nalysisaiul  (Control  for  Light  Aircralt 

■].S  Mixson.C  K.  Burton,  <iMfJ  R.  Vcii'Uftis 

LcinijU'y  Ros  Ccnt'-r,  NASA.  I unijloy  Stutiori,  VA.. 

SAt  Pdpor  Nf)  7 7044b,  12  l>n,  14  fiqs,  IB  rofs 

Key  Words  Noise  reriuction.  Aircraft  noise 

This  paper  describes  experimental  and  analytical  studies  of 
the  interior  noise  of  twin  engine,  propeller -driven,  light 
aircraft  The  analytical  model  described  uses  modal  methoris 
and  ifKorporates  the  flat  sided  geometrical  and  skin-stnnger 
structural  features  of  light  aircraft.  Initial  results  show  good 
agreement  with  measured  noise  transmitted  into  a rectangular 
box  through  a flat  panel. 
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MrfraiiK-  Noise;  \ Design  and  ()|ieraliii£  I’rolileiii 

J C 

i..jni)lt>v  Res  Center,  NASA.  Lrfnrjlov  St  it  ion.  VA  , 
In  NASA,  Lentjloy  Res  Center  Aircrdtt  Safety  anti 
Operating  Problems,  pi)  027  5b0  (1976)(N77  18081) 
N77  181 10 

Key  Words  Aircraft  no  se.  Airframes,  Panels 

A critical  assessment  of  the  state  of  the  art  m anframe 
noise  IS  presented  Full-scale  data  on  the  intensity,  spectra, 
and  directivity  of  this  noise  source  are  evaluated.  Vibration 
of  panels  on  the  aircraft  is  identified  as  a possible  additional 
source  of  airframe  noise.  The  p'^esenl  understanding  and 
methods  for  prediction  of  other  component  sources  - air- 
foils. struts,  and  cavities  are  discussecf  Operating  problems 
associaterJ  with  airframe  noise  as  well  as  potential  design 
methods  for  airframe  noise  reduction  are  identified. 
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ticm  to  \ctvanred  StiperMmic  Traii.sport  Kiigines 

H.  Ko/lowski 

Pratt  drifj  Wfiiint.'v  Aircraft  Grouf).  West  Palm  Beacfi, 
FI,  In  NASA,  Lrini)lov  Res.  Center  Proc.  o1  the 
Supcrsonif  Cruise  Aircraft  (SCAR)  Coni,  Pt,  2. 
14  pp  (1970)  refs  (N77  18019) 

N77  18021 

Key  Words  Supersonic  aircraft.  Aircraft  noise.  Noise  genera- 
tion 

Recent  programs  in  the  field  of  /et  noise,  sponsored  tiy  the 
NASA  Lewis  Researcli  Center,  have  indicated  that  the  vari- 
able stream  control  engines  (VSCE)  which  are  being  con- 
sidered for  advanced  supersonic  cruise  aircraft  have  inherent 


o6 


AIRCRAFT 

(Also  No  t 44  1 ) 


jet  no«si'  .w1vantiH)PS  ovpr  »?arl»ef  engines  This  is  con- 

cerned with  scale  model  tests,  cycle  changes,  and  operation 
modes  to  determine  the  levels  of  |et  noise 
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Pi  2.  20  pp  (1970)  (N/7  180191 
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Key  Words  Supersonic  aircraft.  Aircraft  noise.  Noise  reduc- 
tion 

Reducing  the  noise  generated  by  high  velocity  jets  has 
confronted  engine  designers  ami  acoustics  workers  alike  for 
the  iiast  fifteen  years.  Some  of  the  let  noise  suppressor 
configurations  that  are  investigated  are  shown  This  work 
pertains  to  the  concept  demonstration  and  xale  model 
testing  of  coannular  plug  no/irles  with  inverted  velocity 
profile,  and  to  the  preliminary  study  of  its  application  to 
jdvarKed  variable  cycle  engines  (VCE)  appropriate  for 
supersonic  cruise  aircraft. 
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( iiimil  Uejt**ar<’li  in  Soriir Miiiiiiii/alion 

C M Ddidop  ijnd  R.J  Mat  k 

tanqli'Y  H<,'S  O^nli.T.  NASA.  I dnqiov  Sldtion,  VA  . 
In  NASA.  L,uir)l(.'V  Hns  CnnttT  Proc,  of  the  So|)rrr 
sonic  Cruisr;  Airr  raft  (SCAR)  Conf  , Pt  2,  1 7 |)() 
(1976)  refs  (N77  18019) 

N77  18023 

Key  Words  Reviews,  Supersonic  ancraft.  Aircraft  noise, 
Sonic  fjoom.  Noise  reduction 

A review  i$  given  of  several  questions  as  yet  unanswered 
in  the  area  of  sonic-boom  research  Efforts  in  the  area  of 
minimisation,  human  response,  design  techniques  and  in 
developing  higher  order  propagation  methods  are  discussed 
In  addition,  a wind-tunnel  test  program  being  conducted 
to  assess  the  validity  of  minimisation  methods  based  on  a 
forward  spike  in  the  F furKtion  is  described. 
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Key  Words  Aircraft,  Airport  noise.  Noise  reduction.  Com 
puterised  simulation 

A computer  simulation  of  the  airport  noise  impact  on  the 
surrounding  communities  was  used  to  evaluate  alternate 
operational  procedures,  improved  technology,  and  land  use 
conversion  as  methods  of  reducing  community  noise  impact 
in  the  airport  vicinity.  In  addition,  a constant  density  popula- 
tion distribution  was  anaty^Gd  for  possible  appbeafion  to 
other  airport  communities  with  fairly  uniform  population 
densities  and  similar  aircraft  operational  patterns. 
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Kffwt.s  of  Aircraft  Noi.-sc  on  I'liglil  and  (iround 
Slriicliircs 

,).S.  Mixson.W  H Maytts,  and  C.M.  Willis 
I dnijlpv  Rus  O.-iitor,  NASA.  Ldnijloy  Station,  VA  , 
In  NASA,  LiiiKjloy  Rns.  Cnntai  Am  raft  Safety  and 
0[ieratin(|  Prnlileins,  I'P  bl3-526  (1976HN77  18081) 
N/7  18109 

Key  Words  Aircraft  noise,  Sound  tranamssion.  Buildings 

Acoustic  loads  measured  on  let  powered  STOL  configura- 
tions are  presented  for  externally  hlown  and  upper  surface 
blown  flap  mcxiels  ranging  in  size  from  a small  laboratory 
model  up  to  a full-scale  aircraft  model.  The  imftlications  of 
the  measureef  loads  for  potential  acoustic  fatigue  and  cabin 
noise  are  discussed.  Noise  transmission  characteristics  of 
light  aircraft  structures  are  presented.  The  relative  impor- 
tance of  noise  transmission  paths,  such  as  fuselage  sirlewall 
and  primary  structure,  is  estimated.  Acceleration  responses 
of  a historic  building  and  a residential  home  are  presented 
for  flyover  rtoise  from  suitsonic  and  supersonic  aircraft. 
Possible  effects  on  occupant  comfort  are  assessed 
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(iaiciilaliiiii  of  Ibi.sli-ady  Sul).s*mk’  How  AIkmiI 
llannoiiH  ally  O*  illaliiig  Hiiis/llody  Configiiralions 

R Rons.  8 Bi-nnoki-rs,  anti  R I Xvvaan 
N.itional  A<Tos(i,ii  t;  I at)  NLR,  Amstordam.  1 hn 
Ni;ttiiTlands,  .1.  Airriatt,  14  (b),  |ip  447  4b4  (M.iy 
1977)  12  (i<!s,  13tr-fs 

Key  Words  Aircraft  wings.  Wing  stores.  Flutter,  Aero- 
dynamic  loads 


A (levTftption  is  qivt*n  of  .)  panel  methocf  lor  the  cafcui.ition 
of  the  atMculynamic  loadinq  on  h«»fmonical!y  ostillatinq 
vwirm  hmiy  conf iqurat ions  m suhs-jnc  flow  Ne<jlectinq  their 
thickness,  the  lo,Kfinq  on  the  lifimq  surf.ices  »s  .*ssurm*<f  to 
he  qeneratetl  hy  a i1istnl)ulion  of  urtstea<Jy  liftimj  lines 
The  l(KKis  on  the  lK>dy  are  ri>|>resentiM<  fry  an  unsteaify  source 
panel  <fistrilxjtion  A way  is  imticatiHf  to  ituroduce  the  effect 
of  the  ste.Kfy  flow  into  the  unsteady  calculations  The 
method  provides  local  artrl  total  coefficients  as  well  as  de- 
tailed pressure  (fistribunons  on  Ixtth  the  lifting  surfaces  and 
the  tKxlies  The  applicahihty  of  the  method  is  shown  m 
a comparison  of  calculated  and  experimental  pressure  and 
load  distributions  on  a wing/tip  tank/pylon  store  configura- 
tion 
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R V UcKKpII,  }r  c)Md  .1  I , TuwnsofitJ 
t.inqlf-'v  R(?s  Conir-f,  NASA,  ldnfj)t.*v  Station,  VA., 
In  NASA.  L.inijloy  Rps  Cf;ntt‘t  Proc.  of  the  Super- 
sontr  Cmistj  Aircraft  (SCAB)  Cunf.,  Pt  1,  pp  303- 
n9/(>)  refs  (N77  1/996) 

N/7  1801 1 

Key  Words,  Aircraft  vibration.  Supersonic  aircraft,  Flutter 

A general  discussion  of  the  airplane  applications  of  active 
flutter  suppression  systems  is  presented  with  focus  on  super- 
sonic cruise  aircraft  configurations.  Topics  addressed  lr>clude 
a brief  historical  review,  benefits,  risks,  and  concerns,  meth- 
ods of  application,  arxf  applicable  configurations.  Results 
are  presented  where  the  direct  operating  costs  and  perfor- 
mance benefits  of  an  arrov  wing  supersonic  cruise  vehicle 
ectu'pperl  with  an  active  flutter  suppression  system  are  com 
pared  with  corres|>onding  costs  and  performaixe  of  the 
same  baseline  airplane  where  the  flutter  deficiency  was 
corrected  by  passive  methods  (increases  in  structural  stiff- 
ness). The  design,  synthesis,  and  corKetitual  mechanization 
of  the  active  flutter  suppression  system  are  riiscussed. 

77  1500 

(Tallin  Safely  Trattli  Siir\i>al 

HW  Nnlsiin 

rfybff.jl  Aviation  Admmistrarion.  U.S.  Dnpt  t)f 
Transfiortation,  SAf  Par»nr  No  7/04Rb,  16  pp, 
7 fM|S.  31  n;fs 

Key  Wr>rds  Crashworthiness.  Crash  research  (aircraft) 

This  paper  Ixiefly  traces  development  of  crashworthiness 
rertuirements  promulgaierf  in  fyerttnertt  airworthiness  stan- 
darrfs  for  general  aviation  aircraft  Primary  em|)hasis  is 
focuserl  on  protection  of  aircraft  occupants  in  the  survivable 
crash  environment 
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f/«‘fi«‘ral  \viatiofi  (!rasli  Saf«‘ty  Program  at  Latigl«*y 
K«‘S4‘arrli  Triiter 

B G I fiomson 

l .iinjlny  f-lns  OmiUm,  NASA,  L aiujUjy  Station,  VA., 
In  NASA,  I an(||oy  Bt;s.  Center  Am  raft  Safety  artrl 
Opfiatirn)  Prot)|iMns,  '■i(>9  390  (1976KN/7  18081) 
N77  18101 

Key  Words  Crash  research  (aircraft).  Experimental  data, 
Nonlinear  theories.  Energy  absorption 

The  purpose  of  the  crash  safety  program  described  in  this 
report  is  to  support  the  development  of  the  technology  to 
define  and  demonstrate  new  structural  concepts  for  improved 
crash  safety  and  occupant  survivability  in  general  aviation 
aircraft.  The  program  involves  three  basic  areas  of  research: 
full-scale  crash  simulation  testing,  nonlinear  structural 
analyses  necessary  to  predict  failure  modes  ar>d  collapse 
mechanisms  of  the  vehicle,  and  evaluation  of  energy  absorp- 
tion concepts  for  specific  component  design.  Both  ar\aiytical 
and  experimental  methods  are  being  used  to  develop  exper- 
tise in  these  areas.  Analyses  include  both  simplified  proce- 
dures for  estimating  energy  absorption  capabilities  ar>d  more 
complex  computer  programs  for  analysis  of  general  airframe 
response.  Full-scale  tests  of  typical  structures  as  well  as 
tests  on  structural  components  are  being  used  to  verify  the 
analyses  and  to  demonstrate  improver!  design  concepts. 
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Key  Worrfs  Aircraft,  LanrJing  gear.  Doors.  Air  blast.  Finite 
element  technujue.  Computer  programs 

Response  of  an  A 6 Aft  Main  LarKlmg  Gear  Door  to  static 
dfKf  transient  pressure  loads  has  been  calculated  with  the 
NASTRAN  finite  element  structural  analysis  computer 
corfe  On  the  Irasis  of  maruifacturer's  static  tests  these  doors 
have  been  consKlererf  to  be  the  structural  items  on  the  plane 
most  sensitiv*'  to  shock  loading.  Disfrlacements  calcuiaterf  for 
static  loading  compare  favorably  with  those  measured  on 
tests 
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Key  Words  Helicopters.  Vibration  response.  Computer 
programs 

Level  flight  airframe  vibration  at  mam  rotor  excitation 
frequerKies  was  calculated  A NASTRAN  tailboom  analysis 
was  compared  with  test  data  for  evaluation  of  methods  used 
to  determine  effective  skin  in  a semimonocogue  sheet 
strirKjer  structure  The  flight  vibration  correlation  involved 
comparison  of  level  flight  vibration  for  two  helicopter  con- 
figurations clean  wing,  at  light  gross  weight  and  wing  stores 
at  heavy  gross  weight  In  the  tailboom  cortelation.  deflec- 
tions aruf  internal  loads  were  compared  using  static  lest 
iJatd  and  a NASTRAN  analysis  An  iterative  procedure  was 
userJ  to  determine  the  amount  of  effective  skin  of  buckled 
panels  un<1er  compression  load 


77  i:><n 

I he  I*  valtialioii  <»l  Miiiiiaii  K\|MiMiire  to  llelu'opter 
\ iliralioti 

M J ' iriftm 

Inst  -<f  S^und  ind  Vihidtion  Hi*s»*fjr»  ti.  Univ  ot 
Soul  titPM  Souttidrnpton  SO**  *)NH.  UK,  Aero 
fvi.it  I . HI  (79b).  H*  1U123  (Mdf  197  7)  1 1 fujs, 
1 47  o'ts 

Key  Words  Helicopter  vibration.  Human  resi>onse 

In  the  article  a design  <)uwfe  arxl  the  isolation  of  problem 
areas  of  human  response  to  helicopter  vibrations  are  dis- 
cussed Apperxiix  A to  this  paper  contains  the  wording  of 
the  design  guide  for  crew  expf)sure  to  helicopter  vibration 
At>j>erKl»x  B gives  worked  examples  showing  hovw  the  evalua- 
tion prrKedure  may  t>e  applied  and  Af>pendiK  C provides 
an  outline  record  of  the  process  employed  to  arrive  at  the 
form  of  the  guide  The  remairnfer  of  this  I'aper  presents 
adrJitional  hackgrourxf  information  and  srime  recommenda 
lions  for  future  research 
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V ibratiori'Kesislaiit  Mount  for  Process  liistnimeni 
i>ines 

Nuf.lear  Div.,  Union  Carbide  Industrial  Corp.  Bull 
No  167.  (Adiiitional  information  may  be  obtained 
from  Union  Carbide  Corf)  , Nuclear  Div.,  P 0.  Box 
1410,  Paducah,  KY  420011 

Key  Words.  Mountings.  Vibration  control 

An  improved  mounting  for  process  instrument  lines  has  been 
developed.  The  mounting  consists  of  a small  Teflon  block 
secured  to  a unistrut  strip  which  is  lack  welded  to  the  pro- 
cess equipment.  The  Teflon  block  Is  grooved  to  mate  with 
the  unistrut  and  is  also  grooved  in  a manner  to  firmly  clamp 
the  instrument  lines  to  the  Teflon  block.  This  mounting  has 
been  found  to  be  resistant  to  vibration  and  temperatures 
up  to  400  degrees  F.  Use  of  Teflon  allows  for  expansion  and 
contraction  of  tubing  to  minimize  instrument  line  failure. 
As  many  instrument  lines  as  practical  may  be  sealed  in  a 
single  mount.  The  mounting  is  presently  in  general  use 
Potential  industrial  application  could  be  for  mounting  in- 
strument lines  to  vibrating  equipment. 


77-1506 

of  (!ar  Krar  Suspension 

D Bcistow 

Instn,  Mc*cti.  t nqr  Proc.,  190  (63),  pp  611-626 
(1976)  11  fills.  2 idblos,  6 refs 

Key  Words  Suspension  systems  (vehicles).  Design  tech 
ni<}ues 

Various  consKlerations  which  need  to  be  kept  in  miryj  when 
designing  rear  axles  ar>d  inde()endent  rear  suspensions  are 
listed  and  explored,  so  that  a sensible  compromise  related 
to  the  vehicle  type  and  desired  characteristcs  can  more  easily 
be  achieved  or  approximated  at  the  design  stage  Methods  of 
avoiding  starxJir>g  height  ar>d  bourxre  frequency  variation 
f>etween  one-up  and  fully  laden  vehicles  are  described  arxl 
illustrated  with  reference  to  optior^l  extra  and  initially 
incorporated  systems.  Acceptirtg  the  desirability  of  mairv 
taming  the  same  relationship  to  critical  dampirtg  over  the 
load  range,  different  ways  of  achieving  ii  are  described 
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MATERIAL  HANDLING 

(S.vNo  1488) 


METAL  WORKING  AND  FORMING 


77-i:>«7 

Tlif  Transport  ami  llrcakdown  of  Solid  Lulirit  aiils 
III  a Siiiipli-  h'orsiii"  Opi-ralioii 

W R.D  Wilson  and  S Lak 

Dept  of  Mech  tmirg  , Univ.  of  Massac  tuisetts, 
Amherst,  MA.,  J.  Lubnc  fech.,  Trans  ASMF  , 
99  (2'.  Pf)  230-235  (Apr  1977)  8 figs,  6 refs 

Key  Words  Lubrication.  Forging.  Surface  roughness 

Aluminum  alloy  workpieces  of  different  roughness,  lubri- 
cated with  graphite.  P.T.F.E..  lead  or  polyethylene,  were 
upset  between  overhanging  dies.  Measurements  of  the  width 
of  the  unlubricated  /one  formed  at  the  workpiece  edge 
indicated  that  the  rates  of  outward  transport  of  the  lubri- 
cants were  increased  by  roughening  the  workpiece. 


TT-loOB 

Studies  on  the  Forced  Vibration  during  (iriiidiiig 

I Sfiifni/u.  I Inusaki.  and  S.  Yonetsu 
hai.ully  of  Enyrg  , Kl-io  Univ.,  Jdpan,  Bull.  JSMf., 
7^  (142),  pp  475-482  (Apr  1977)  20  ftqs,  2 tahlos. 
13  ruts 

Key  Words  Forced  vibration,  Grinding  (material  removal). 
Mathematical  models 

The  purpose  of  this  paper  is  to  investigate  the  influence  of 
forced  vibrations  on  the  geometrical  accuracy  of  ground 
surface  The  methods  to  calculate  the  grinding  stiffness,  the 
contact  stiffness  and  the  effect  of  geometrical  interference 
between  grirnfing  wheel  and  workpiece  which  are  im^Kjrtant 
factors  m grinding  are  shown  and  discussed  Considering 
these  factors  a model  of  grinding  process  is  proposed  to 
analyze  the  vibration  problem. 


PUMPS,  TURBINES,  FANS, 
COMPRESSORS 

(Also  si.-e  Nus  1426,1442,1488) 


77l.->()9 

KlferlR  <>f  ArouHlir  l.oadin;'  on  .Axial  Flow  Fan 
Noiw  (ipm-ration 


P.K  Uewdu 

Acoustics  cinii  Dyodmii.';.  Res  Uiv.,  Girrii'i  Purp  . 
Syracuse,  NY  13201,  Nuiso  Control  f n'jr  , 111. 

pp5  15  (,J;in,'l  ch  1');/)  13  tills,  25  refs 

Key  Words  Ducts.  Fans,  Noise  generation,  InirredaiKe 

Problems  associated  with  practical  fan  sourvf  power  mea- 
surements and  with  estimating  the  sourxl  prtwer  rarliatrxl 
into  a duct  system  are  discussed,  including  the  effects  of 
intetnal  fan  and  duct  imperiance. 


77-1.')  10 

Ceiilrifiiaal  lllowcr  Noi.so  Slmlie.s  l.ilcraliirp  .Survey 
ami  Nois«-  Mea.sureiiients  (F.lmles  ties  llrtiils  Assoeiees 
a l*(  (ilisalioii  ties  SoiilTleiirs  Ceiilrifiiges  Fimie  tie  la 
I.iUeialiire  Specialisee  el  Me.siires  des  liniils) 

G.  Kiisfinappa 

Div.  of  Mecli.  Enqrg.,  National  Res.  Council  of 
Canaria,  Ottawa,  Canaria,  Rapt.  No.  DME-MF-244, 
NRC-15679,56  (ip  (Dec  1976) 

AD-036  047 

Key  Words:  Fans,  Blowers,  Noise  reduction 

A review  of  the  existing  literature  on  ihe  subject  of  centri- 
fugal fan  and  blower  noise  studies  is  presenterf  in  this  report 
to  establish  further  areas  of  research  needeti  to  aid  in  the 
development  of  a quiet  blower  Noise  measurements  on  a 
wide  variety  of  blowers  used  in  the  laboratory,  ranging 
from  1/3  to  700  horsepower  are  describerf,  with  the  obiect 
of  identifying  important  frequency  components  from  various 
types  of  blowers. 
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I’limTi  Press  l.oad-Kadiation  ( liaraeleristies 

I I Koss 

Dept  of  Mech,  fnriri].,  Monasti  Univ.,  Clayton, 
Vii  tuna  3168.  Austialia.  Noise  Control  ini/r  (1), 
pp  33  39  (lan/Fet)  197/)  16  fiqs,  2 failles,  8 refs 

Key  Words  Presses.  Noise  generation,  Sound  transmission 

Sound  ratfiation  characteristics  as  a furKtion  of  blanking 
load  of  three  different  capacity  purxrb  presses  are  riescntied 


RAIL 

(Also  N<» 


:T-ir>i2 

TiaiiiHa>  Nnist*  in  (.il\  Ttallir 

K F^yl.mdi’f . M.  Bjofkinrin,  U Afirlin,  <iiul  S.  Siircn 
s»*n 

Dt’i-l  nt  f nvifon  Hy(jien<*,  Univ.  of  C)Otfu'f)l)nr(], 
Ci‘itht‘fibup),  Sw(‘(if_’n.  .).  Sound  Vifi  , 51  (3),  pp  353 
358  lApr  8.  1977)  5 tnjs,  2 t.ihlns.  4 ndT 

Kf’v  Words  Tramways,  Noise  generation.  Human  response 

The  extent  of  annoyance  was  studied  in  populations  exposed 
to  various  levels  of  mixed  tramway  and  motor  traffic  noise. 
The  res^)ondents  were  able  to  distinguish  between  the  annoy- 
ance caused  by  the  two  types  of  traffic.  With  an  increasing 
number  of  heavy  vehicles  annoyance  due  to  traffic  noise 
increased  more  than  annoyance  due  to  tramway  noise  in 
mixed  city  traffic. 


77-I5I3 

Kailnay  Nnis<*  Propagation 

E .1  Rdthr.- 

Swiss  Fr.'d<-*ral  Inst  (jf  Tnchnoloqy.  Zurich.  Swit/er 
Inrifi,  .J  Sound  Vib.,_y_  (3),  pp  371  388  (Af)r  8, 
19/7) 

Key  Words;  Railroad  trains,  Sound  transmission 

The  propagation  of  railway  noise  Is  characterized  by  the 
typical  arrangement  of  rtoise  sources  on  a moving  tram 
The  rates  of  sound  attenuation  with  distance  are  determ meri 
for  peak  levels  and  for  the  equivalent  steady  sound  levels 
in  the  cases  of  omnidirectional,  and  directional  sources. 
The  means  of  noise  control  within  the  path  of  sound  pro- 
pagation are  discussed. 


77-loU 

Kailna)  V ehk'le  lidernal  Noixr 

P W \ adr;  and  A I J Hardy 

fhd  Railway  Tr*i.h  Centre,  Lot^durt  Ho.id,  [)4‘fby 
D12  SUP,  UK,  .J  Sjund  Vif)  , (3).  pp  403  415 

(Apr  8.  1977)  12  fiqs,  19  refs 

Key  Wt)rds  Railway  vehicles,  Noise  generation 

The  mechanisms  by  which  noise  reaches  the  passenger  in 
a rail  vehicle  are  discussed  A summary  is  given  of  the  basis 
on  which  suitable  s<)ecifications  for  the  Interior  noise  level 
m a new  vehicle  can  be  selecteri  Methods  are  described  by 
which  the  acoustic  performance  of  a rail  vehicle  can  be 
assessed  at  the  design  stage.  Areas  requiring  further  investiga- 
tion, m particular  the  prediction  and  control  of  the  structure- 
borne  noise  input  to  a vehicle,  are  highlighted. 


77*1  .*)  I 7i 

Farlors  \HVrliiin  Kailujy  Noi.m*  in  Ke.sidrii- 

lial  Vreas 

J G,  W.'jikfr 

Inst  of  Sound  <jnd  Vifir<jti(Mi  f-lnsi.'jrf  fi , Univ  of 
Soutfiuinpton.  S(Jutfi.jmpton  S09  5NM,  UK , J.  Srjuttd 
Vib.,  ^ (3),  p(;  393-398  (Af)r  8,  1977)  2 4 

tahlos.  8 rofs 

Key  Words;  Railroad  trams.  Noise  generation 

In  order  to  be  able  to  estimate  noise  levels  in  residential 
areas  it  is  important  to  understand  the  mode  of  propagation 
of  railway  noise  in  open  ground  conditions.  Experiments 
were  conducted  to  investigate  the  effect  of  train  type  and 
speed  as  well  as  distance  from  the  track  on  measured  noise 
levels.  Data  are  presented  which  show  the  effect  of  all  these 
parameters  and  a simple  procedure  is  outlined  that  allows 
the  maximum  noise  level  at  any  position  is  a residential  area 
to  be  estimated. 


77-ir»l6 

Kailroatl  aiiH  Kail  Transit  .\<»is4*  Sourr<‘s 

R.  1 ot/ 

Tfuns()(jridtK)n  Systums  Cufitor,  U S.  Dypl.  of  Tians 
fiort.jtion,  Kundcill  Squdr*!.  Cdntbridyo,  MA  02142, 
J.  Sounri  Vib.,  (3).  fip  319  336  (Afjr  8,  1977) 
12  fiejs,  4 tafjifis,  37  rrdi 

Sponsored  fjy  the  Ud)<3n  Mass  Transt)  Administration 

Key  Words:  Railroad  trains.  Noise  generation 

In  this  paper  recently  reported  measurements  of  locomotive 
and  railcar  noise  emission  are  reviewed  and  presented  for  use 
in  making  such  design  predictions.  Locomotive  noise  is 
largely  confined  to  the  range  of  75  to  95  dB(A)  at  30  m 
(100  ft)  for  all  s()eeds. 


77-1 5 1 7 

KailHay  Noiw*  Aiinoyaiu'c  in  K<\sid«>nlial  Areas: 
Giirrenl  Fiinlin^s  and  Suggestions  for  Future  Re- 
s<*areli 

.)  M Fielris 

Uept.  ot  Soi  lal  StatistKS,  Univ.  of  Soulfiamptoti, 
Sout)ijm|)ton  S09  5NH,  UK,  J.  Sound  Vib..  ^ (3), 
t>p  343-351  (Af)r  8,  19/7)  3 fiqs,  1 table,  14  refs 

Key  Words.  Railroad  trams,  Noise  generation.  Human 
resfK)ose 

Five  published  studies  of  railway  noise  annoyance  in  residen- 
tial areas  are  reviewed  All  the  studies  find  that  annoyarKe 
increases  with  railway  noise  levels  and  number  of  train 
passages. 
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TT-lTilH 

Noimii«vs.h  ot  Mitfli  I rains 

M Vt‘(  net  ,ind  W 

Institm  ()«•  Ht'f  fu,*f  i.hi*  ilijs  i f.niSfH)!  IS,  (>!fUrH 
( Vcilu,)tu)t?  I't  '1*‘  f«!i  h<'  -i<-s  U)9. 

Sfilvdilof  Allcruli*,  f)9b00  Bfin.  F rtihct*, 
I Snunil  Vilt  . bl  (3),  pp  3b9-3bl  (A|U  8,  19//) 

1 t|ij,  3 

Kf*y  Words  RailroarJ  trams.  Noise  generation.  Acoustic 
siqnatures,  Human  resjx^nse 

The  noise  signatures  of  three  types  of  Frer>ch  trains  (Aero 
tram  I 80,  fast  tram  (Rhodanien)  and  turbotrain)  were 
presented  in  the  laboratory  to  24  persons  who  gave  annoy- 
ance scores  to  each  of  them.  The  aim  of  this  study  was  to 
compare  the  resulting  comfort  indices  with  some  acoustic 
characteristics.  The  peak-level  showed  the  best  correlation 
with  discomfort. 


77- IT)  1 9 

Kloatiiig  Track  Slab  l.snlation  for  Kaiiuays 
P Groot’-nburs 

Ocpt  i*f  Mor.h,  F rnjri)  , Iniptjfial  Colli:()0  of  Sf.ience 
.inp  For  fmokjtjv,  LonrloP  SW7  2BX,  UK  , J.  Sounti 
Vitj  . 51  (3).  ()p  443  448  (Apr  8.  1977)  6 figs,  7 refs 

Key  Words  Hailroarf  trams.  Noise  reduction.  Vibration 
isolation 

The  disturbance  of  noise  and  vibration  which  can  be  caused 
by  a railway  runnirwi  through  a residential  area  can  be  elim- 
inated altogether  by  boxing  the  railway  m and  by  providing 
a floating  track  slab.  Care  has  to  be  taken  to  avoid  slab 
resonafKe  and  a most  effective  type  of  constrained  layer 
damping  technique  has  been  .applied  m at  least  two  installa- 
tions The  effectiveness  of  the  floating  track  slab  systern  has 
been  proven  for  the  cut-and-cover  type  of  construction, 
A proposed  design  has  been  given  for  a floating  track  slab 
insrde  a bored  tunnel  without  an  ir>crease  m the  tunnel 
diameter. 


77-1520 

PredH-lion  and  C.ontrol  of  Noinc  from  Railway 
liridgm  and  Tracked  Trarinif  Klevated  StrurJures 
L G-  Kuf/w».*») 

Tr<insp(jrt.^tion  Systems  Contt^f , U.S.  Irqns 

puft.jtKjn,  Ketulqll  StiiiHre,  Caml)rt(fqe.  MA  02142, 
I Sounrl  Vih  . 51  (3).  f)p  A'.B  (Apr  8,  1977) 
3 Uf}S,  2 tables,  24  refs 

Key  Words  Elevated  railroads.  Bridges,  Rail  transportation. 
Noise  prediction.  Noise  reduction.  Mathematical  models 


This  paper  reviews  the  current  approaches  lo  the  pre<fiction 
and  control  of  noise  radiation  from  railroad  tindges  and 
elevated  rail  transit  structures.  The  results  of  noise  measure 
merits  nrrar  a variety  of  lindge  and  elevatwJ  rail  structures  are 
summari/ed  jnd  these  structures  are  rank  ordered  accorrfmq 
to  their  sideline  noise  levels.  Methotls  for  the  control  of 
elevated  structure  noise  are  discussed  and  the  results  of 
actual  field  applications  of  these  treatments  are  surnman/eri 
This  article  also  «lescrit>es  a new  analytical  model  capable 
of  estimating  the  effects  of  structural  parameters  on  both 
vibration  transmission  within,  and  noise  radiation  from,  an 
elevated  structure.  A sample  application  of  this  model  is 
used  to  evaluate  several  methods  for  noise  abatement  on  a 
composite  concrete  deck,  steel  plate  girder  structure.  A set 
of  recommendations  for  further  research  are  given. 


77-1521 

KiHcl  Measiir«*iiH‘iits  of  llu*  Vibration  Properties  of 
Klevated  Rapid  Transit  Struetures 

( . Vhmmna  and  M.(  . Silver 

Oefd  of  Materials  Fngrq,  Illinois  Univ  at  Chuaqo 
Circle,  Ctina(](j,  IL.,  Re[n,  No.  DOT/TS F 75/43, 
83  f.p  (Dec  1974) 

PB  263  220/6GA 

Key  Words:  Elevated  railroads.  Vibration  measurement 

Vibrations  induced  into  rail  rapid  transit  structures  may  be 
radiated  from  the  structure  as  airborne  noise  that  disturbs  the 
rider  and  the  wayside  community  or  as  ground-borne  vibra- 
tions which  propagate  into  the  foundations  of  wayside  struc- 
tures setting  walls,  floors,  and  common  household  items  into 
annoying  vibration.  This  report  describes  the  results  of  field 
measurements  on  existing  steel  elevated  structures  presented 
to  aid  transit  operators  and  engineers  concerned  with  design, 
performance,  repair,  and  evaluation  of  steel  elevated  rapid 
transit  structures. 
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Kinitp  Kloiiiriil  Noiiliiirar  TraiisirnI  Kespoiiw  Analy- 
.<<■8  Ilf  Siiii|ili‘  2-1)  Slriirtiirea  Siilijorlod  lo  liiipulae 
or  Imparl  l,oail8 

RoddI  and  I A Witmer 

AutofIdStic  and  StriKtures  Research  Lab.,  Massactui 
setts  Inst  d Technology,  Cambridqe,  M A..  Rejit.  No 
ASRL  182  1 , 269  (i()  (June  T976) 

PR  263  8t)4/l  GA 

Key  Words:  Nuclear  power  plants.  Impact  response.  Finite 

element  technique 


A2 


This  study  contnliulos  to  the  (Jevelotiment  of  practical 
methods  for  predicting  the  large-deflection  elastic-plastic 
transient  structural  resfjonses  of  structures  which  are  suh 
jected  to  transient  and  imp.jct  loads  Application  to  the 
structural/operational  safety  of  nuclear  power  plants  is 
consideretl  The  use  of  higher-orrier  assumed-dist)lacement 
finite  elements  (FE)  is  investigated  to  seek  more  efficient 
and  accurate  strain  precfictions,  these  studies  were  carried 
out  for  2*d  structural  deformations  typical  of  beams  and 
curvi*d  rings  to  minimise  cost  and  labor,  using  various  ap 
proximations  to  the  nonlinear  strain-displacement  relations 
since  large  deflections  and  rotations  need  to  be  taken  into 
account.  Pre<fictions  are  made  for  these  various  FE  models 
for  impulsively  loaded  beams  and  a free  initially-circular  ring, 
for  which  high  quality  experimental  measurements  of  strains, 
and  deflections  are  available 


RECIPROCATING  MACHINE 


t:-i:)2.i 

\ \ ihratioiilo.ss  Keriproi  atin^  Kngiiic  (Trial  Manu- 
tartiire  ami  of  a Small  TH4»'(!y<*te 

\ il)ralioiil«‘ss  Krciproi  atin^  Kii^im') 

K Ishidd.  S Kanetdka.  V 0/non.  fjnd  T Mcdsndd 
Fa<~ulty  of  fn/irq.,  F'ukui  Inst  of  Tei.hnolo()V,  f-ukui, 
IdPdn.  Bull  JSME,  20  (142).  f/p  46B474  (A|>r 
1977)  25  figs,  4 tal)les,  G refs 

Key  Words  Reciprocating  engines.  Vibration  control 

Up  to  this  (fay,  known  piston  crank  mechanisms  userJ  in 
various  reciprocating  internal  combustion  engines  are  in- 
evitably accompanied  with  vibration,  as  the  forces  and 
moment  caused  by  the  inertia  of  the  reciprocating  mass  are 
not  f>alanced  Perfectly  balanced  rotation-reciprocation 
mechanisms  can  obviate  or  mitigate  such  disadvantages 
This  ref)ort  refates  to  a gasoline  engine  utilizing  an  eccentric 
geared  device  of  crank  shaft  rotary  motion  system  as  the 
mechanisrr>  of  motive  pr>wer.  Theories  and  experiments  of 
this  engine  are  descnberf  that  is  ~ vibration  tests,  various 
performance  tests  of  this  engine  which  is  designed  l>y  the 
authors  arvf  manufacturetf  on  trial,  are  earned  out 
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I hr  XrialyHiM  of  Slnirtural'V  ihralioii  KrlaliMl  Noi/ie 

S K u/Mfir 

llliffois  Inst  of  T»nftrfolO(jv,  Cfiicarjo,  IL  ,S/V,  Sound 
Vit)  , T_1  (4|,  pp  22  27  (Apr  1977)  6 figs,  17  refs 

Key  Words  Machinery  components.  Machinery  vibration. 
Structural  members.  Noise  generation.  Statistical  analysis. 
Correlation  technu^uei 


A systematic  diagnostic  approach  for  determination  of  the 
macjmtude  af>d  nature  of  structural-vibration  related  noise 
generatcHl  by  a machine  or  component  has  been  developed 
Quantitative  estimates  of  noise  produced  by  the  vibrations 
of  individual  structural  components  are  made  by  using 
statistical  correlation  theory.  Success  of  this  cross-correla- 
tion technic^ue  has  been  illustrated  by  its  application  to  a 
large  diesel  engine  An  analysis  of  both  the  acceleration  of 
vibrating  components  and  the  noise  produced,  illustrates 
how  It  can  be  used  to  examine  the  contribution  of  structural 
vifnation  to  the  total  noisr?  field 


ROAD 

(Aisr*  siH-  Nos  M40,  M6b,  1477,  1478,  1490,  lb06) 


77-1 .125 

Tlie  ()v(‘rlaiiH  Vertical  Plane  Dynainir  Response  of 
the  JKFK  (R)  \\(i;  Model  Kxperinietil.s 

D.D.  Morun 

Puf formanpe.  (Jf'pt,,  David  W Taylor  Naval  Ship 
Ros  and  [)ev  Cpritor.  B‘*Thcsda.  MA  . Ropt.  No. 
SPD-bl5  04,  (4  pp  (June  1976) 

AD-A035  84G/5GA 

Key  Words  Surface  effect  machines.  Surface  roughness, 
Dynamic  response 

The  overland  dynamic  behavior  of  an  air-cushion-supported 
vehicle  is  investigated.  Experiments  have  been  performed 
by  running  the  craft  over  repeated  rigid  wave  forms  and 
allowing  it  to  pitch  and  heave.  Transfer  functions  relating 
response  variables  to  the  excitation  variables  are  presented. 
The  linearity  of  the  vertical  plane  dynamics  is  investigated 
through  a comparison  of  the  response  for  two  different 
wave  heights.  Variations  in  fan  speed  and  fan  diKharge  are 
also  examined.  The  cobblestone  effect,  created  by  exciting 
the  craft  at  a very  high  frequency,  is  investigated 


77-1526 

\ Study  of  the  Kesponw*  of  a Double  Ihittorn  Vehicle 
to  Ste«Ting  and  Braking 

I R ( lit*  -jnd  P.  L Rt'dd 

Sthool  ot  Automotive  StucJies,  Crantield  Inst,  of 
lei  finoliKtv,  Craiifiekj.  UK,  Vehicle  Syst  Dyn., 
^(4),  pp  205  219  (Dec  1976)  5 figs,  4 refs 

Key  Words  ArtKrulated  vehicles.  Steering  effects,  Braking 
effects 

The  paper  describes  the  development,  operation  and  some 
of  the  results  obtained  from  a simulation  of  the  steering 
behavior  of  the  double  bottom  articulated  vehicle,  in  par- 
ticular the  effects  that  arise  when  certain  axles  are  locked 
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fVrfomiancr  Ktaliialion  ol  ihr  N|||S\  \iUaiir«'<l 
'S*  S«*ri<*s  5(Mh  IVrmitile  \iithropoiiior|»hH'  Diiiiiiny. 

\ I • 'r<M'hnH'aI  Krport 

D L Mdssm‘1 .10(1  P i Y.ut'S 

Corp  . B'lH.ilo,  NY,  R(u»T  Nn  CAlSPAN 
/Sb77B  V 1 DOT  HSB02  073,  /‘H  oi  -Nov  l Ohi 
(v‘»>cilsoVol  2.  PB-263hb0) 

PB  2B2  672 

Key  Words  CoHision  research  Jauto  noove),  t *p»*f 
data.  Anthropomorphic  dummies 

The  two  senes  anthropomorphic  test  dummies  »rwere  e»i>en 
mentally  evaluated  to  determine  the  detjree  of  contormar^t 
to  spec  if  (Cat  ions  tor  dimensions,  secjment  wveiqhts.  arid  i<nni 
rantje  of  motion,  to  compare  measurerl  component  statK 
and  dynamic  characteristics  to  rtHjuirements.  and  to  estate >sf' 
by  sled  testing  in  typical  restraint  arxl  crash  envirocvnents 
their  experimental  repeatability 

77-1528 

Perfomiann*  Ksaluati<m  of  the  MIISN  \it\aii<«*d 
*S‘  Series  .50th  Perrentile  \iithn»p<»tiior|iliH’ 

V oliiiiie  It  - Accelerator  Sled  Test  Data 

D t Massiruj  jitrl  P P.  Ydtes 

Calspan  Corp  , Butfalc,  NY,  Rept  No  CALSPAN 
ZS-5778  V 2.  DOT  HS  802  074,  518  pp  (Nov  1976) 
(see  also  Vol.  1 , PB  262  672) 

PB-263  650/4GA 

Key  Words  Collision  research  (automotive).  Experimental 
data.  Anthropomorphic  dummies 

Four  sled  test  configurations  were  employed  to  evaluate 
the  dynamic  performarKe  repeatability  of  the  NHTSA  'S’ 
Series  dummy.  Type-2  belt,  preinflated  air  bag.  energy 
absorbing  steering  column,  and  Type-1  belt  with  simulated 
instrument  panel  test  environments  were  utlll^ed  to  measure 
the  performarwre  of  two  identically  fabricated  dummies. 
In  addition,  tests  of  a Part  572  dummy  with  Type-2  belts 
were  performed  to  establish  a control  data  set  for  the  con- 
figuration. The  graphical  results  of  a statistical  analysis 
performed  on  the  results  obtained  from  replicate  tests  of 
each  configuration  are  presented. 


ROTORS 

/Also  see  Nos.  1419.  1445) 
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Minitni/iii|'  .Axfirfiildy  Imbalance  in  Tiirbofnachiric 
Rotom  Made  with  TcNithed  rcniplin^H:  l.ricaliiig 
f .omp<»nent  MaM  Onleris 


J K D«ivids()n 

Ari/nnd  Sldt*"  Umv..  Tfn»pf‘,  A/.  J fnc)r.  Power, 
Urins  ASMf  . 99  l?l.  pp  189  194  (Apr  1977)  5 fiqs. 
^ r.'ts 

Key  Words  Turtxrmachinery.  Rotors.  Balancing  techniques 

A method  is  presenter!  for  locating  component  mass  centers 
in  turtroniachme  rotors  made  with  toothed  couplings  The 
geometrMal  relationships  that  would  permit  the  assembly 
of  a turfxwTia<:hir>e  rotor  with  preriictive  knowledge  atx'ut 
i.omponerit  mass  tenter  locations  and  therefjy  have  more 
HiecifM  xntjwledge  on  rrtior  mass  distnfKjtioo  than  is  now 
dvaiialilr  are  desrritied  Cornpt^oents  are  modeled  both  with 
»oe  arwl  with  two  lum|»e<J  masses  The  method  rerjuires 
• riilividuai  comjKineni  halarKe  arni  measured  residual  im 
tjalancr 
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>h«*tk  and  Th»v  \ehxils  Mca^ll^*lll«‘lltx  iii  a 

n«gh  Tan  Rrtio'  ’C  the  l.a.xiT  V ehn  iinelcr 

• lv,jr.' I'l  1 .-P  ‘.r'lrif  V Ai*r('MjvPrt'”tLS.  Airi  rdM 
f riiMii  . -rvi.ii  ( Um  tf!.  C-.  . CiFU  inn.itr,  OH, 

.i  \ oqr  Pi>vw**r  Tr.ins  ASMF  99  l2'  PP  181  187 
'Apr  19/ ')  1 ‘ Pqs  1 ' rt‘fs 

Key  Words  Rotors.  Fans,  Shock  waves.  Measurement 
techniques.  Lasers 

The  laser  velocimeter,  an  instrument  capable  of  making 
nondisturbing  gas  velocity  measurements,  was  used  to  deter- 
mine shock  wave  locations  and  to  make  gas  velocity  measure- 
ments within  the  rotating  t>la<1e  row  of  a 550-m/s  (1800- 
ft/s)  tip  speed  fan  rotor  The  velocimeter  measures  the  transit 
time  of  a seed  particle  across  interference  fringes  produced 
at  the  intersection  of  a split  and  crossed  laser  b'.am  The 
rotor  flowfields  were  obtained  at  several  radial  immeisions 
for  operating-line  and  near -stall  throttle  settirtgs 
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W.L.  t.ckurt,  E.T.  Booth.  ,J.H.  Brtilny,  and  P.O. 
Emerson 

North  Carolina  State  Univ.,  Ralei()h,  NC,  Merh. 
Emjr..  99  (4),  pp  40-43  (Afir  1977)  7 figs,  10  lels 
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D t Miissiiv)  and  P E Yates 

Calstian  Corp,,  Buffalo,  NY,  Rent  No.  CALSPAN 
ZS  5778  V 1.  DOT  HS  802  073,  293  (>p  (Nov  1976) 
(see  also  Vol  2,  PB-263  6&0) 

PB  262  672 

Key  Words  Collision  research  (automotive!.  Experimental 
data.  Anthropomorphic  dummies 

The  two  series  anthropomorphic  test  dummies  were  expen- 
mentally  evaluated  to  determine  the  deqree  of  conformance 
to  specifications  for  dimensions,  segment  weights,  and  jomt 
range  of  motion,  to  compare  measured  component  static 
and  dynamic  characteristics  to  requirements,  and  to  establish 
by  sled  testing  in  typical  restraint  and  crash  environments 
their  experimental  repeatability. 


T7-I528 

Perfomiance  Pvaluati<»n  of  the  \HIS\  Advanced 
*S‘  Series  ofMh  Percentile  \ntliropoiiiorptiic  Duniriiy. 
\ oluiiie  It  • Accelerator  Sled  Test  Data 

D L Massinrj  ,jnrl  P t.  Yates 

Caispan  Corp  , Buffalo,  NY.  R*.*pt  No  CALSPAN- 
ZS-b778  V 2.  OUT  HS  802  074.  818  [>p  (Nov  1976) 
($€.*♦.*  Vol  I.  PB  262  6721 
PB-2b.5b[>0/4GA 

Key  Words  Cofbsion  research  (automotive),  Experimental 
data.  Anthropomorphic  dummies 

Four  sled  test  configurations  were  employed  to  evaluate 
the  dynamic  performance  repeatability  of  the  NHTSA  'S' 
Series  dummy  Type-2  belt,  preinflated  air  bag.  energy 
absorbing  steering  column,  and  Type-1  belt  with  simulated 
instrument  panel  test  environments  were  utilised  to  measure 
the  performar»ce  of  two  identically  fabricated  dummies. 
In  aridition,  tests  of  a Pan  572  dummy  with  Type-2  belts 
were  performed  to  establish  a control  data  set  for  the  con- 
figuration. The  graphical  results  of  a statistical  analysis 
performed  on  the  results  obtained  from  replicate  tests  of 
each  configuration  are  presented 


J.K  Odvidson 

An/ofia  Suite  Univ.,  Temfie,  A/,  J.  f n(}r.  Power, 
Trans.  ASMP,  99  (2),  (>fj  189  194  (Apr  1977)  6 ficjs, 
3 refs 

Key  Words:  Turbomachinery.  Rotors,  Balancing  techniques 

A method  is  presented  for  locating  component  mass  centers 
in  turbomachine  rotors  made  with  toothed  couplings.  The 
geometrical  relationships  that  would  permit  the  assembly 
of  a turbomachine  rotor  with  predictive  knowledge  about 
component  mass  center  locations  and  thereby  have  more 
specific  knowledge  on  rotor  mass  distribution  than  is  now 
available  are  described.  Components  are  modeled  both  with 
one  and  with  two  lumped  masses.  The  method  requires 
individual  component  balance  and  measured  residual  im- 
balance. 
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Sliock  Wave  and  Flow  Velocity  Measurements  in  a 
High  Speed  Fan  Kotor  I .sing  the  Faster  Vel<K*iineter 

D C.  Wisler 

Advanced  Turbotnai:hinerv  Aerodynamics,  Aircraft 
Engine  Group,  General  E lectric  Co.,  Cincinnati,  OH, 
J.  Engr.  Power,  Trans  ASfVlF,  99  (2).  pp  181  187 
(Apr  1977)  1 3 figs,  1 3 refs 

Kev  Words:  Rotors,  Fans.  Shock  waves.  Measurement 

techniques.  Lasers 

The  laser  velocimeter.  an  instrument  capable  of  making 
nondisturbing  gas  velocity  measurements,  was  used  to  deter- 
mine shock  wave  locations  and  to  make  gas  velocity  measure- 
ments within  the  rotating  blade  row  of  a 550-m/s  (18(X)- 
ft/s)-tip  speed  fan  rotor.  The  velocimeter  measures  the  transit 
time  of  a seed  particle  across  interference  fringes  produced 
at  the  intersection  of  a split  and  crossed  laser  beam.  The 
rotor  flowfields  were  obtained  at  several  radial  immersions 
for  operating-line  and  near-stall  throttle  settings. 
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Kly-Sbiilllp  l.cHiiii  Noiar 

W.L,  f i kiirt,  E.T.  Booth,  ,/.B.  BhiIov,  and  P IT 
L mnrson 

North  Caroline)  State  Univ.,  R:)leii|h,  NC,  Moch. 
Enqr  , 99  (4),  po  40  43  (Aih  197  7)  7 firjs,  10  refs 


Key  Words  Textile  looms,  Noise  (jer>eration 

Fly-shuttle  loom  noise  is  one  of  the  most  significoot  prob- 
lems now  confronting  the  textile  industry  A two-phase 
experimental  program  to  identify  sources  of  noise  in  a fly- 
shuttle  loom  is  described.  Sourni  pressure  waveforms  ra- 
diating from  the  loom  are  assembled.  High  si'ieed  motion 
pictures  were  taken  to  correlate  specific  events  in  the  loom 
cycle  with  impacts  occurring  in  the  waveforms. 


Key  Words  Construction  ertuipment,  Vibratory  tools 

In  many  parts  of  the  world,  the  working  season  of  certain 
operations  is  severely  limiteri  due  to  winter  free/e-up.  This 
IS  essentially  true  in  such  areas  as  earth  moving  ancJ  trenching. 
These  limitations  are  due.  in  part,  to  the  large  drawbar 
forces  which  act  on  the  cutting  machine  as  it  is  drawn 
through  the  frozen  soil.  Hr^ducmg  this  force  by  oscillation  of 
the  cutting  tool  as  it  passes  through  the  soil  is  discussed. 


USEFUL  APPLICATION 


N<*h  Designs  I'hroii^h  Nihralion  Welding 

I 

Brtinson  Sonic  Power  Co  , SAE  Pdpt;r  Nr)  77023S, 
9 fip,  19  fn)S,  5 refs 

Key  Words  Viliratory  techniques.  Welding 

A new  plastics  assembly  technique  has  been  developed  which 
offers  new  opportunities  in  product  design  and  assembly 
as  well  as  new  solutions  to  existing  problems.  This  method, 
based  on  friction  welding,  overcomes  many  limitations  of 
conventional  welding  processes  such  as  part  size,  shape, 
material  and  s|;)eed  of  operation. 


\ibralif>n  T<-('hiiM|iie  Joins  l.ar^r,  (!onip|px  Pla.sti,- 
(aimponeiits 

Prodiin  [ ngr  (N  Y ),  ^ (5),  P|)  64  fi5  (M;iy  1977) 

Key  Words  Vibratory  techniques.  Welding,  Welded  joints. 
Plastics 

The  technique  for  leak -proof  loining  of  large  piastre  parts 
of  complex  shatie,  called  vibration  welding,  is  described. 
The  prirKiple  is  fairly  simple:  sufficient  frictional  heat  is 
generated  to  melt  thermoplastics  tjy  pressing  the  two  plastic 
parts  together  and  vibrating  them  through  a small  displace- 
ment in  the  plane  of  the  joint,  tisplacement  can  be  In  eilher 
of  two  modes,  linear  or  angular. 
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l-'ro/.en  Soil  ('.silling  I 'sing  Vibralory  Blades 

R T Burton  dOt)  P R,  Ukrairict/ 
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CALENDAR 


MEETING 

DATE 

LOCATION 

CONTACT 

Society  of  Automotive  Engineers 
f977  West  Coast  Meeting 

1977 

AUG 

8 t 1 

Vancouver.  Canaria 

SAE  ffq  . A L Weiriy 

Vibrations  Conference,  ASM6 

SEPT 
26  28 

Chicago.  1 L 

ASME  Hq 

NOISE  CON  77 

OCT 
17  19 

Hampton.  VA 

Conf  Secretariat.  Noise  Control 
foundation.  PO  Bo*  3469.  Arling 
ton  Branch.  Poughkeepsie.  NV  12603 
Tele  (914)  462  6719 

48th  Shock  and  Vibration  SynTposium 

18  20 

Huntsville,  AL 

H C Pusey.  Director,  The  Shock  and 
Vibration  Info  Ctr  . Code  8404, 
Naval  Res  Lab  . Washington,  O.C. 
20375  Tele  (202)767  3306 

NOV 

Winter  Annual  Meeting,  ASME 

Nov  2 7 Oec  2 

Atlanta,  GA 

ASME  Hq 

DEC 

Sixth  Turbomachinery  Symposium 

6 a 

HouHon,  T X 

Or  MP  Boyce,  Gas  Turbine  Labs., 
ME  Dept  , Texas  A & M.  College 
Station,  TX  77843 

Acoustical  Society  of  America.  Pall  Meeting 

13  16 

Miami  Beach,  FL 

ASA  Hq. 

1978 

MAR 

■III 

Applied  Mer.hanics  Western  and  J S M E. 
Conference 

25  27 

ASME  Hq. 

APR 

Design  Engineering  Conference  4 Sho^.  ASME 

3 5 

Chicago,  IL 

R.C.  Rosaler,  Rice  Assoc., 

400  Madison  Ave  , N Y..  NY  10017 

Gas  Turbine  Conference  lb  Products  Sho^. 
ASME 

9 13 

London 

ASME  Hq. 

Diesel  Bt  Gas  F r>gine  Power  Co  nference 
and  E xhibit 

Apr  30  May  4 

San  Francisco.  CA 

ASME  Hq. 

I 
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CALENDAR 


MEETING 

DATE 

LOCATION 

CONTACT 

1978 

MAY 

Inter  NOISE  78 

San  Francisco.  CA 

INCE,  W.W.  Lang 

IX  Southeastern  Conference  on  Theoretical 
and  Applied  Mechanics  {SECTAM) 

■ 

Nashville.  TX 

Dr.  R.J.  Beil.  SECTAM,  Dept,  of 
Engrg.  Sci.  & Mech..  Virginia  Poly 
technic  Inst.  8i  State  University 
Blacksburg.  VA  24061 

Offshore  Technology  Conference 

8 1 1 

Houston.  T X 

SPE.  Mrs.  K.  Lee.  Mtgs.  Section. 
6200  N.  Central  Expressway. 

Dallas.  TX  75206 

Society  for  E xperirriental  Stress  Analysis 

14  19 

Wichita,  KS 

SESA,  B.E.  Rossi 

► 


I 


CALENDAR  ACRONYM  DEFINITIONS  AND  ADDRESSES  OF  SOCIETY  HEADOUARTERS 


ARPS 

Arrn‘rKMn  i fxlcrr.itior\  ol  Inforindtion 
Procpssimj 

210  Summit  Ave  , Monlvale,  N J.  0/6^b 

CCCCAM 

IEEE 

Oiairman.  c/u  Dept.  ME.  Univ.  Toronto. 
Toronto  5,  Ontario.  Canaria 

Institute  of  Electrical  arul  Lloctronics  Engineers 

AGMA 

AfTUKicdn  Gear  Manufacturers  Association 
1330  Mass  Ave  , N W. 

Waslunqton.  D C. 

lES 

345  E.  47th  St. 

New  York.  N.Y.  laJl  7 

Institute  fc'nvironmental  Sciences 

AIAA 

AnM‘rK:an  Institute  of  Aeronautics  and 
Astronautics.  1290  Sixth  Ave 
New  York.  N Y 10019 

lEToMM 

940  E . Northwest  Highway 
Mi.  Pros[)ect,  111.  60056 

Internationa)  Ferleraikm  for  Tfieory  of 

AlCht 

American  Institute  of  Chemical  tnnineers 
:m  L 47th  St. 

New  York.  N Y 1001  7 

Mfjchines  and  Mechanisms.  US  Council  for 
TMM,  c/o  UnIv.  Mass..  Dept.  ME,  Amherst. 
Mass.  01002 

AREA 

American  Railway  Lrujineerirvi  Asstx:lation 
b9  t Van  Bureri  St 
CfMcatjo,  III  60605 

INCE 

Institute  of  Noise  Control  E ngineering 
P.O.  Box  3206,  Arlington  Branch, 
Poughkeepsie,  N.Y.  12603 

AHS 

American  Helicopter  Scxiiety 

;«  l 42nd  St 

New  York,  N.Y.  UKJl  7 

ISA 

ONR 

Instrument  Society  of  America 
400Stanwix  Si.,  Pittsburgh,  Pa.  15222 

Office  of  Naval  Research 

AHPA 

Advancixl  F^estiarch  Projects  Aq»*ncy 

Code  40084,  Dept.  Navy,  Arlington,  Va.  22217 

ASA 

Acoustical  Society  of  America 
335  t 4bthSt. 

New  YT)rk.  NY  1(X)1  7 

SAE 

Society  of  Automotive  Engineers 
400  Commonweal  tfi  Drive 
WarreiKlale,  Pa.  15096 

ASCI 

Amerii  an  Society  of  Civil  Erujinwrs 

345  f 45th  Sr 

New  York.  N Y 10017 

SEE 

Society  of  Environmental  Emjjnoers 
6 CoiKluit  St 

London  W 1 R 9TG,  England 

ASMC 

Amr*rican  Sor.iety  of  Mechanical  Engineers 

i45  ( 4 7th  St 

N.-w  York.  N Y 1001  7 

SESA 

Society  for  Experimental  Stress  Analysis 
21  Bridge  St|. 

Westport.  Conn.  06880 

ASNI 

AnwrK.an  Sixiety  for  Norufestructive  Testinij 
914  Cf)K.<K|o  Ave 
f vansfon.  Ml  60202 

SNAME 

Society  of  Naval  Architects  and  Marine 
tngincHirs.  74  Trinity  PI 
New  York.  N.Y.  1(XX)6 

ASOC 

Arni'f  K an  S<k  lety  lor  Quality  Control 
U»1  W Wi»<  onsiti  Av«* 

Milw.iuke*-  Wis  53203 

SVIC 

Shock  and  Vibration  Information  Center 
Naval  Research  Lab.,  Cixle  8404 
Wasfiintjlori,  D.C.  20375 

ASIM 

Anwruan  S<h  lety  fc>r  Testiriij  ainl  M.ilerials 
1916  M.xe  St 
Pfiil.ide(|>r*(a.  Pa  19103 

URSI  USNC 

International  Union  of  Radio  Science  - US 
National  Comrnitftie  c/o  MIT  Lincoln  Lab., 
Lexington.  Mass.  021  73 
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